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©. -:sting without the use of mer- 
cury, the newly developed Gilmont Com- 
bination Micro Pipet-Buret not only 
eliminates nerve-racking titration, but 
greatly simplifies operation as well as fill- 
ing and cleaning. Titrating fluid does not 
come in contact with metal, only glass, ruby 
and teflon. 

Assuring a high degree of accuracy in 
the instrument is the synthetic sintered 
ruby plunger sealed in with a teflon gasket, 
both employed to resist all known chemicals 


at room temperature. 


HOW THE MICRO PIPET-BURET WORKS* 

A precision ground synthetic ruby plunger, having 
required diameter so that the dial micrometer gauge 
reads directly in volume units, displaces the titrating 
fluid from the reservoir sealed off by a teflon gasket, 
contained in an aluminum bushing. The displaced 
titrating liquid is forced through a fine orifice im 
mersed in the solution being analyzed, which may be 
stirred by a fine stream of air bubbles. 
*Gilmont, R. Anal. Chem. 20, 1109 (1948) 


PRICE LIST 
G 15395 A Micro Pipet-Buret, Gilmont, Capacity 1 ml. in .001 mi. divisions 


G 15395 B Micro Pipet-Buret, Gilmont, Capacity 0.1 ml. in .0001 ml. divisions. .......... 
G 15395 C Micro Pipet-Buret, Gilmont, Combination for 1 ml. and 0.1 mi. Capacities. ea. $64.9 
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A.H.T. CO. SPECIFICATION 


(STOPCOCK TENSION CLIPS 


For INSTANT attachment to, or removal from, practically any 
stopcock with plug furnished with groove for rubber washer 


e STOPCOCK TENSION CLIPS, A.H.T. Co. 
Specification (Patent Applied For). Of Stainless 
steel, for pressure-tight seating of practically any 
type stopcock with groove for rubber washer at 
small end of plug. Can be attached instantly by 
compression of the spring and with thumb and 
finger pressure on the narrow flanged sides. Can- 
not work loose, but can be removed instantly. 
Recommended for glassware which requires hand 
or mechanical shaking such as Van Slyke Appara- 
tus, Separatory Funnels, etc., and to improve the 
efficiency of stopcocks on Burettes, Gas Analysis 
Apparatus, Sampling Tubes, etc. 


e The increased space required for attachment on 

J = most glassware is negligible, as the Clip does not 

p extend beyond the end of the plug and does not 

2 interfere with smooth, normal manipulation of 
the stopcock handle. Overall width is held to a 
minimum; for example, the width of Clip with 11 
mm jaw diameter is, in use, only 28 mm. 


3291-B. Method of attachment or removal. 


e Consisting of two similar pieces of 


formed Stainless steel with circular 
openings for insertion of the smaller 
end of stopcock plug, joined at one 
end by a spring-loaded pivot so that, 
in use, the openings are superim- 


3291-B. Stopcock Tension Clips, as above described. 


Maximum jaw diameter, mm.. 16 19 
Fits stopcock No............ 11%,2 3,4 5,6 
1.00 1.10 1.25 


10% discount in carton containing 12 
20% discount in lots of 144 


posed only when thumb and finger | 
pressure is exerted on the sides. A 
tapered compression spring of Stain- 
less steel, attached at one corner, 
provides the necessary continuous 
pressure against the end of the stop- 
cock shell when Clip is in position. | 


The edges of the openings converge 
and fit tightly into the stopcock 
groove when the spring is pressed 
against the end of the stopcock shell 
and finger pressure is released. 


3291-B. In position on stopcock 
plug of a Burette. 


3291-B. 3291-B. 
Rear view of Stopcock 
Tension Clip showing 


spring opposed jaws. 


A 
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QQ 


S 
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Fig. 1. Showing correct type of stopcock for satisfactory 
use with Clip, i.e., with right-angled groove and with dis- 
tance A=B of Ye-inch or more. 


Fig. 2. Showing unsatisfactory type of stopcock for use 
with Clip, i.e., with groove too close to shell and with shallow, 
rounded groove which tends to eject the spring. 


—_ARTHUR H. THOMAS COMPANY— 
Afyraralus 


and Feeagentt 


WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 
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IT’S 
STANDARD 


ASS STANDARD’S SPECIALS of the MONTH! 


STANDARD Keeping Pace with your Laboratory Needs! 
of Supply 


ONE PAN 


BERANGER TYPE BALANCE = 
FOR GENERAL LABORATORY AND ANIMAL WEIGHING 
No weights to attach or to lose, no complicated reading device; 
compact, simple to operate, it is ideal for rough laboratory weighing, c 
animal weighing, general autopsy work, and general batch weigh- 
ing. Employs a uniquely convenient method of reading, a built-in d 
sliding weight with a micrometer adjustment. Included in the 
equipment is a ol zero-ing device and a beam 4rrestment. 
Finished in stove-white enamel, with removable dueustetted pan. 
ASS CUBIC P.H 
CATALOG NO. CAPACITY CAPACITY SENSITIVITY READABILITY PRICE ag 
18460 6K 1650 cc 2Q9g 5g 14" between Divisions $39.50 C.A 
18461 6K 1650 cc 1g 2g 14.” between Divisions $42.50 : 
18462 10K 2500 cc 3g 10g 14%" between Divisions $46.50 F.B 
18463 15K 2500 cc 39 10g 1” between Divisions $49.50 
18464 15K (Flat Plate) 3g 10g 14” between Divisions $46.50 Ni 


MERCURY CLEANING HAEM ° PE 
combines speed with accuracy! Har 
The Bethlehem Oxifier and gold-adhesion filter The Automatic Photroni- c.s 
constitute a radical change in methods of mercury cally Operated Instru- 
cleaning. The Oxifier reduces all base —. to oxide ment that Achieves a 
precipitates. The filter removes these precipi also BloodCount inA; xi- 
all water, oil, grease, of mately 10 Seconds! 
“oo ified and filtered high di © Requires no special 
skin on the surface and re- os included 
tains its liveliness after —_ with the Haemoscope M. ( 
storage. Itis bone dry as standard equip- 
entirely free of acid or oxide ment. 
scum. The Oxifier-Filter © Is the fastest known 
process renders low-cost method of determin- 
prin virgin mercury equal, ing the 
some count, 
distilled. It meets the on 
AEA, ant Gives direct reading 
is widely used in instruments on dial in millions ‘of 
such as ermometers— RBC per cubic milli- Wa 
—flow  Meters—Orifice iy for cell size. 
Meters — _  Rectifiers— 
ion. 
Write for Brochure with Complete Information Coll 
No. 57165—5-LB OXIFIER—$77.50 
eight 7”; table space 9” < 5”; weight with Holder, cord set for use on 115 volt 
8 Ibs.; shipping 12 Ibs. A.C. and numerous accessories $585.00 
Motor, direct-connected 1/70 HP, 115 V 
60 Cy A.C., with line switch 
Cast iron frame, finished in green and black 
enamel ake Your L 
CLEANS 20 LBS. A DAY IN 5-LB. “VA abel; W, 
BATCHES RNITON” Ashabie 
OXIDIZES DISSOLVED BASE METAL Wh — L BEL VAR With 
“a On bot twice 
Ib. 2 oz.; shipping 2 Ibs. acids istant ¢ &S, stora Varnj 
is 
No reservoir or shut-off valve; mercury ARNITON'BA alkalis Steases, bins and labels 
can be poured through at rate of 5 Ibs. in On as IES F AST dete, 92 erence, n 
two minutes. Plastic and stainless steel. "Cello, with oz. dj Orat, “ater, dirt 
ELIMINATES FLOATING IMPURITIES: brush handling’ 
WA -DUST; BUT NOT ple ti e, “ontaining 
DISSOLVED METALS cap, 


STANDARD SCIENTIFIC SUPPLY CORP. 


34 West 4th Street e New York 12,N. Y. 
LABORATORY APPARATUS — REAGENTS AND CHEMICALS 
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HAAK GLASS 


@ ECONOMICAL @ SILENT @ WIDE FLAME 
RANGE @ FOOT PEDAL OPERATION AVAILABLE 
Haak Model E 


The Haak Model E glassblowing burner has been designed 
by a glassblower to meet the requirements of both professional 
and amateur glassblowers equally well. 

The professional glassblower will be interested in the wide 
range of flames which this burner produces, from a fine needle 
point flame to a large, bushy annealing flame. The tempera- 
tures produced will permit handling of ‘‘Vycor’’ brand glass 
and quartz tubing to 35 mm diameter without the use of hy- 
drogen. For extra fine work an interchangeable tip may be 
used, but for tubing from 3 mm to 100 mm no tip changing is 
necessary. 

The amateur glassblower will be especially pleased with the 
foot pedal operation possible with this burner. This leaves 
both hands free to maintain complete contro] over the plastic 
glass. This has proved to be a great help to the professional 
glassblower as well, for it speeds up his production. The ease 
with which the various flames can be produced is also a great 
help to the beginner. 

Commercial glassblowing concerns are interested in the 
economy feature of the burner, for it uses oxygen at a maxi- 
mum pressure of 5 Ib. In general, gas pressures must be re- 
duced, rather than boosted by pumps as is necessary with 
other types of burners. The Haak Model E burner operates 
at a pressure of 6 inches of water. ’ 

Silent operation is a great asset to all glassblowers. This 
burner is silent over most of its range. 

The burner is of brass construction, and is actually two 
concentric burners. It is operated by two specially designed 
brass valves. The valves are mounted directly on the gas 
and oxygen mains, and may be operated by hand or foot. 
(For foot operation, the 51-20 Foot Pedal Kit is necessary to 
mount the valves.) The burner may be tilted to any angle, 
and the broad cast aluminum base permits side motion without 
danger of tipping the burner. 


CE-51-19 GLASSBLOWING BURNERS—Complete with valves.............. Each $77.50 


CE-51-19-B BURNERS ONLY—On base, without valves...................-. Each 41,50 


CE-51-19C VALVES ONLY—May be used for either gas or oxygen............ Each 1 6 .00 


CE-51-20 FOOT PEDAL KITS—All the parts necessary for mounting under a 


38-inch (minimum) table to adapt the valves for foot pedal operation. The only 26.50 
tool needed for assembly is a screw Per Kit 


CE-51-21-A FINE TIPS—Used for tubing and rod under 3 mm diameter...... Each 2 p 50 


New LaPine Apparatus and Equipment Catalog now available—Request one on 
your company or institutional letterhead— We will be glad to send you a copy. 


ARTHUR S. LaPINE and COMPANY 6001 S. KNOX AVE., CHICAGO 29, IL 
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PETROLEUM 


DISTILLATION 
APPARATUS 


veT ECoNomIcAL Unit 
ABLE FOR 
Controt Testinc LAsorAToRIES 


signed 

ssional 

e wide 

needle 

yy In the laboratory of today an important 

of hy- factor is the need for accurate, though 

ay be basic, equipment. Answering this 

ging is need the Boekel Petroleum Distiilation 

| Apparatus has been produced with 

leaves simplicity of operation and design 

plastic foremost in mind. 

sional 

e ease The condenser, of polished and 

, great lacquered copper, is cork insulated to 

a ie retain the maximum of refrigeration 
mexi- and equipped with overflow tube and 

be re- draincock to facilitate emptying. 

with Supplied with the asbestos lined 

erates Aluminized Steel distillation shield are 
This three “Monobestos” boards with 1%”, 

1%" and 4” openings, respectively. 

two 

igned Manufactured in strict accordance with 

e gas A.S.T.M. specifications this apparatus 

| bes is used in the completion of the follow- 

angle, ing A.S.T.M. tests: 

thout 


D-86 -52 Gasoline, Naptha and Kerosine 
D-158-52 Gas Oil and similar distillate fuel oils 
D-216-52 Natural Gasoline 

5 0 D-285-52 Crude Petroleum 


00 ListiINGc— 


1565:A Petroleum Distillation Apparatus: asbestos lined guard 
with cork insulated condenser trough and lid. Supplied 
50 with stand and three boards. 


PHILADELPHIA 6, 
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S-84860 


Introduction of the minimized, economical Sargent 
bath, S-84870, expands the Sargent line of well 
known thermostatic baths to fit almost any require- 
ment. All models use transparent Pyrex brand glass 
containers as introduced for this purpose by Sargent 
many years ago and employ control equipment so 
designed as to permit instant disassembly and ready 
and thorough cleaning. 


$-84805 WATER BATH — Constant Temperature, 
Full Visibility,0.01°, Bay men , (Patent No. 2, 637 ,993). 
Complete with rand glass container, 16” 
diameter, 10” high 914” deep; central circulating 
and heating unit with motor; mercurial thermo- 
regulator; cooling coil; constant level device; relay 
unit with cord and plug for connection to standard 
outlets; and armored connecting cable for connec- 
tion of relay unit to the water bath. Accuracy 
+0.01° C; maximum operating temperature, ap- 
proximately 70° C. Without cover or thermometer. 

or operation from 115 volt, 50 or 60 cycle A.C. 


S-84860 WATER BATH — Constant Temperature, 
Full Visibility, 0.1° C, Sargent. Complete with 
heating and circulating unit; thermoregulator; pilot 


light; Pyrex brand glass container, 12” diameter, 
22” high, 11” working depth; cooling coil; constant 
* level device; and cord and plug with line switch for 
connection to standard outlets. Accuracy, +0.1° 
to 0.2° C; maximum operating temperature, 60° C. 
Without thermometer. For operation from 115 volt, 
50 or 60 cycle A.C. circuits.............. 160.00 


S-84870 WATER BATH — Constant Temperature, 
Full Visibility, Economy Model, 0.25° C, Sargent. 
Complete with heating, circulating and regulating 
unit with adjustable thermoregulator and _ pilot 
light and with an accuracy of approximately +0.25° 
C; Pyrex brand glass container, 12” diameter, 12’ 
high; and cord and plug with line switch for connec- 
tion to standard outlets. Without thermometer. For 
operation from 115 volt, 50 or 60 cycle A.C. — 
98. 


$-84873 Control Unit, Only. Of S-84870 water bath, 
including heating, circulating and thermoregulating 
facilities; with cord and plug with line switch for 
connection to standard outlets; without container. 
For operation from 115 volt, 50 or 60 cycle A.C. 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS + SUPPLIES + CHEMICAL C 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXA 


NEW SARGENT CATALOG 
NOW AVAILABLE 


Please 
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REALM OF CHELATE CHEMISTRY 


This new and freshly minted coin is your passport 
to the realm of chelate chemistry. Because it bears 
the basic formula that gives precise control over 
trace metal excesses or deficiencies, it can be spent 
to solve the problems caused by these conditions. 
It is true “coin of the realm” with power limited only 
by the imagination and ingenuity of the spender. 


VERSENE® CONTROLS TRACE METALS 


Chelate chemistry and the Versenes (powerful che- 
lating agents) are moving faster now. These new 


weapons are being used to attack and overcome all 


kinds of trace metal troubles ranging from microbial 
nutrition to soap and textile processing. Stemming 


Gris COONa 


from laboratories everywhere, their applications 
now extend into all kinds of industry, agriculture 
and medicine where chemical formulations or proc- 
essing are involved. 


AT YOUR SERVICE — THE VERSENES® 


When you have a serious chemical problem or an 
interest in the control of metallic ions in solution, 
please call on the Versenes. Unduplicated in quality, 
these powerful chelating agents are guaranteed for 
uniformity of complexing power. Made only under 
patents and processes originated and developed by 
F. C. Bersworth, they are exceptionally stable at 
high temperatures throughout the pH range. Write 
Dept. 00 for Technical Bulletin No. 2 and samples. 
Chemical counsel for special problems. 


BERSWORTH CHEMICAL 60. 
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Now a Revision 


A Text and lab manual in One 


The Characterization of 
Organic Compounds 
by Samuel M. McElvain 


This revised text includes more procedures for 
preparation of derivatives, new classes of com- 
pounds such as amino acids, and numerous new 
references to other derivatives procedures. There 
are additions to the discussion of solubilities and 
the class reagents are up to date. The text ex- 
plains the physical and chemical bases for the 
characterization of organic compounds and in- 
cludes sixty laboratory exercises. Tabulated 
material—data on over 1500 compounds—illus- 


trates application of the fundamental principles. 
There are discussions of the chemistry involved 
in organic reactions used for the identification of 
organic compounds; practical procedures for 
carrying out these reactions in the laboratory; 
and tables of the physical properties of the various 
classes of organic compounds and their most 
characteristic derivatives. 


1953 310 pp. $4.50 


A new briefer version of the larger 
GENERAL CHEMISTR Y— 
A Systematic Approach 


NOW .... 


College Chemistry— 
A Systematic Approach 


by H. H. Sisler, C. A. VanderWerf & A. W. Davidson 


Here is the best presentation of organic chemistry 
in any available text that is up to the minute as 
of March 1953. The first part of the text presents 
the basic principles of chemistry with emphasis 
on the structural basis of matter. These principles 
are then exploited fully in a systematic study of 


the non-metals and the metals. Here then is an 
outstanding combination of theory with ample 
illustrative and descriptive material. Also in- 
cluded is a glossary of metals from Fortune 
magazine. 


1953 623 pp. $5.25 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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Find a square foot of floor space under your laboratory of free air displacement — yet the complete pumping 
bench, on your vacuum test stand, in your auto luggage power is furnished by an economical % HP motor. Kinney 
compartment — that’s all the room you need for a Kinney Manufacturing Co., Boston 30, Mass. — manufacturers 


Model CVM 3153 Midget Vacuum Pump. Here’s a lot of vacuum and liquid pumps. Representatives in princi- 


of vacuum in a little space — two cubic feet per minute pal cities of the United States and foreign countries. 


OTHER IMPORTANT FEATURES OF KINNEY MODEL CVM 3153 COMPOUND VACUUM PUMP: 


® Quiet, smooth operation @ Wear-free oil-sealed pumping 
© Ready-to-go starting — no warm-up or mechanism 
hand starting needed e Easy servicing — right on the job, no 


® Rugged construction 


special tools or fixtures required 


SEND COUPON FOR DETAILS 
KINNEY MANUFACTURING COMPANY 
3605 Washington St., Boston 30, Mass. 


Please send Bulletin SV-51 describing 
Kinney Midget Vacuum Pumps. 


COMPANY 
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Modern Haze Chemistry offers Exact Analysis 
without Filtering, Washing, Drying or Weighing 


Three types of analyses which can be done faster 


and more accurately with a Nephelometer .. . 


DIRECTLY MEASURE AND 
EVALUATE CLARITY OF LIQUIDS 


One of the earliest industrial applications 
of Coleman Photo-Nephelometers was 
made by distillers of whiskies. Evaluation 
of filters and filter media and control of 
haze in finished whiskey, beer and wine is 
now a standard procedure throughout 
this industry. 


Measurement and control of the clarity 
and sterility of parenterals is an important 
one and includes such items as: Penicillin, 
Streptomycin, Dihydrostreptomycin, 
Neomycin Sulfate, Vitamin Solutions. 


PERFORM RAPID QUANTITATIVE 
ANALYSIS BY MEASURING 
PRECIPITATES IN THEIR 
ORIGINAL ENVIRONMENT 


Suitability of industrial waters and other 
liquids is easily evaluated with the Nephe- 
lometer, especially at very low concentra- 
tions. For example: Electric generating 
plants now use Coleman Nephelometers 
for the evaluation and control of feed 
waters for high pressure boilers. Control is 
accomplished by Nephelometric measure- 
ment of calcium (Range 0.0-0.5 PPM) in 
the feed water. 


MEASURE SUSPENSIONS WHICH 
CANNOT CONVENIENTLY BE 
SEPARATED FOR ANALYSIS 


In bacteriology the study of the effects of 
nutrients and inhibitors on growth rates 
of bacteria has been given new impetus 
and significance by the simplicity and 
precision of the Nephelometric method. 
These studies include a wide variety of 
bacterial types, including: Leptospira, 
Actinomyces Bovis, Tubercle Bacilli, Esch. 
Coli, Staphylococci. 


The Nephelometer is useful in deter- 
mination of butter fat content in dairy 
products, and has similarly been helpful 
in assay of cholesterol in blood chemistry. 


PRECISE NOTATION FOR HAZE 


The Coleman Nephelos Standards used 
with a Coleman Nephelometer provide an 
accurate numerical notation system. Haze 
data can be transmitted by letter or wire 
to set standards or reproduce procedures. 


12 


Operation is simple. Routine work can easily 
be handled by people with limited training. 


Coleman Certified NephelosStand- Two models. Coleman Nephelom- 
ards express entire haze range on a eter (Model 7) for Nephelometry, and 
continuous numerical scale. (Model 

or Nephelometry and Colorimetry. 


COLEMAN NEPHELOS SYSTEM 


for complete data . . . write 
Dept. B. Coleman Instruments, Inc., 318 Madison St., Maywood, Illi 
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This magnified ne tx shows two thermometers after two min- 


utes’ immersion in b 


of sodi 


hydroxide. Notice 


how the filler has been 2d from the one on the right. Notice 
how fused-in filler is unoftected in the new thermometer on the left. 


At last! Graduations that really defy chemical attack! 


Now, after years of experiment, Kimble’s research- 
ers-in-glass have developed a new, permanent, 
fused-in filler for etched-stem laboratory thermom- 
eters. This new filler is as resistant to chemical attack 
as the glass itself. 

Here are thermometers designed to stay legible. 
The filler is fused-in, and can never erode. The du- 
rable markings are unaffected by attack of organic 
materials and acids (except hydrofluoric). Resistance 
to alkalis is as great as the glass itself. 


Proved under abnormal test conditions 


In laboratory tests, instruments were immersed in 
acids, and organic solvents at elevated tempera- 
tures over long periods of time. Test conditions were 
more stringent than any likely to be encountered 
in actual use. 


Every Kimble thermometer is individually retested 
for accuracy ... thoroughly processed with special 
attention to suspension rings and reservoir bulbs 
where residual heat strain is one of the most com- 
mon causes of breakage. 
Economical to use 

Permanent filler plus special processing assure a 
long lifetime of hard laboratory usage. Because 
Kimble thermometers stay in service longer they 
cost less than ordinary etched-stem thermometers. 

These new Kimble Exax thermometers are made 
in a variety of ranges, including those specified by 
the American Society for Testing Materials. 

Your Kimble laboratory supply dealer has these 


new, permanently marked Kimble thermometers in « 


stock now. Consult him on your requirements. 


KIMBLE GLASS COMPANY 


Toledo 1, Ohio—Subsidiary of Owens-Illinois Glass Company 


ivi 


i 
| 
| 
#30 \ 
| 
| 
3 
eet Please mention CHEMICAL EDUCATION when writing to advertisers 13 


Matheson, Coleman & Bell Reagent Chemicals 
include practically all of the items used in K 
research and analytical work. The Reagent 
Inorganic Chemicals carry upon the label a 
statement showing the maximum limits of im- 


purities allowed. The Reagent Organic Chemi- 


té 
ethyl-p- esulfor og 
ae cals are manufactured to pass the specifications 


shown in our price list. In addition to Reagent 


RUTHERFORD, | Inorganic and Organic Chemicals we offer 


many items of U. S. P., N. F., Practical and 


Technical quality. 


Complete stocks of MC&B items are carried at our East Ruther- 


ford and Norwood plants and are available either through 
your laboratory supply dealer or from the East Rutherford or 
Norwood offices. 


Our new catalog listing 3911 Reagent Chemi- ( ai, atlas,» 
cals, Biological Stains, Chemical Indicators THE MATHESON CO. 
carries the most diversified 
and Solutions will be sent to you upon es mete ot 
COMPRESSED GASES and 
| J} GAS REGULATORS 


COLEMAN & BELL Inc. 


| Formerly the wg division of The Matheson — 


“Manufacturing Chemists 


EAST RUTHERFORD, NEW JERSEY oe NORWOOD (CINCINNATI), OHIO 
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TEST TUBES—Well an- 
nealed, with uniform, sub- 
stantial walls to insure 
against breakage. Heat 
resistant, chemically stable. 


safety is important in 
laboratory glassware, too 


The rabbit is a wily creature. When he selects a home, he makes 
sure that it will be safe from his enemies. 

Experienced laboratory instructors are mighty careful in select- 
ing laboratory ware, too. They know, for example, that PYREX 
brand laboratory glassware assures maximum safety, even to the 
most inexperienced students. They know that they get a plus 
value, too—real lasting economy. 

There are two reasons for this: First, the durability of famous 
PYREX brand glass No. 7740, itself. Second, the functional 
design of test tubes, condensers, cylinders, funnels and other items 
in the PYREX ware line. Ali are designed to place strength where 
needed most. Firepolished rims, reinforced, seals and heavy con- 
struction reduce breakage. 

Why settle for less than the safest, when it is also the most 
economical laboratory ware you can buy? Call your laboratory 
dealer today. He stocks the complete line. 


GRADUATED CYLINDERS 
— Designed for utility. 
Sturdy hexagonal base 
provides extra stability, 
prevents rolling if cylinder 
is laid on side. Reinforced 
rim reduces breakage. 


PYREX BRAND FUNNELS—AIll kinds— 
fluted, plain, long stem, short stem, 
big diameter, small diameter, and 


d stemless, all ruggedly fabricated from 
the heavy beaded tops to the fire- 
7: | polished tips. 


the laboratory glassware that gives you economy, accuracy, durability 


CORNING GLASS WORKS, Corning, New York 
meant it Glatt 
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MALLINCKRODT CHEMICAL WORKS st.Louis + New YORK 


— 

(Available in 1 Ib. and many 24 Ib. sizes, except liquids) = 


Gerhart Jander 
(See page 348) 
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No. 4048 


Capacity 1610 g. 


Rapid 


STEEL 


Patent Nos. 1,756,292 and 1,872,465 


Sensitivity 0.1 g. 


Pan, All Three Beams and All Exposed Parts —STAINLESS STEEL 
Only Welch Offers All These Features 


@ Patented One-Piece Beam 
@ Three Scales Easily Read at Eye-Level 
© Stainless Steel Pan with Retaining Rim 


4048. BALANCE, TRIPLE-BEAM. The 1610 g. range and the 0.1 g. 
sensitivity of this fine Welch Trip Scale provide the latitude and accuracy 
not commonly found in scales of comparable size. The relation of 
capacity to sensitivity will not vary even after the scale has served for 
many years. The pan, the beam, and all exposed parts are made of 
corrosion resistant light-weight Stainless Steel which reduces the inertia 
of the moving system. This allows greater freedom of movement plus 


Extra Weights Nested in Base 
@ Beam Arrest for Faster Weighing 
© Silver-Gray Hammerloid Finish 


beam-arrest button for use in rapid, accurate weighing. Extra weights 
are housed in the specially designed base where they are instantly 
available. The base is cast-aluminum and is finished in an attractive 
silver-gray Hammerloid, baked-on. A hole is provided in the bottom 
for a 13 mm rod support for use in making specific gravity determina- 
tions. The mechanism within the base is provided with a hook for 


increased sensibility. The stainless steel pan is formed with a con- 
venient retaining rim 1.5 mm high. A knurled nut is provided for posi- 
tive zero adjustment. At the left end of the base will be found a 


g specimens during density experiments. All knife-edges are 
of Cobalite. The bearings are selected-quality Agate. A stainless steel 
cover protects knife-edges and agates against falling chemicals which 
often ruin the knife-edges and bearings in other balances of this type. 


PRICE, WITH TWO EXTRA WEIGHTS, $21.75 


Write for Circular 
MANUFACTURERS OF SCIENTIFIC APPARATUS—METERS—VACUUM PUMPS—BALANCES 
AND WEIGHTS—JOLLY BALANCES—BALANCE ACCESSORIES. 
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War back in the days when the now-well-known 
objective tests were new, a speaker was discussing 


their virtues. A disgusted listener was heard to re- 
mark: “I would just as soon grade my students in the 
order in which they left the room as by any such tests as 
these.” The speaker’s response was that he would, 
too, if there was reason to believe that the students 
left the room in the order of their accomplishment. 

Which of course brings out the point that the validity 
of any scale of measurement depends upon the relation 
between the observed graduations of the scale and the 
variation in the property being measured. Unless 
he knew something of the details, who would believe 
that he could tell the composition of a metal alloy by 
observing the position of the hands of a clock? 

Not long ago a faculty group was discussing the eval- 
uation of good teaching and the qualities of a good 
teacher. Who can tell, with any degree of objectivity, 
whether a teacher is doing a good job? Some put faith 
in questionnaires of student opinion; some believe 
that a department head will undoubtedly be able to 
judge his colleagues. Some believe that teaching abil- 
ity is closely correlated to research accomplishment; 
some think that good teachers are born that way and 
there is nothing further to do about it, anyway. 

But I was especially intrigued by one suggestion: 
A good teacher is generally distinguished by his ability 
to tell a good story! After all, what are the marks of 
a good story teller? An appreciation of relative values, 
particularly of human relations; an instinct for the 


an ability to reduce a situation to under- 
standable terms; a desire to share his experiences and 
enthusiasms with others; and above all a sense of 
humor. These, too, are among the important attri- 
butes of a good teacher. I believe that if we think in 
retrospect we will realize that the teachers we remember 
most fondly will rank high on this empirical scale. 

But, of course, not all. As someone has said: ‘‘No 
generalization—not even this one—is universally true.” 
The same teacher will not be equally effective on two 
different minds, nor indeed upon the same mind at 
different stages in its development. Teachers who may 
be wonderfully successful in elementary classes some- 
times fail miserably in more advanced ones, and vice 
versa. We are too prone to a theatrical concept of 
teaching—a big lecture hall with good acoustics, where 
crowds of students are pleasantly entertained, and stim- 
ulated to at least a modicum of intellectual response. 
This takes skill on the part of the teacher, but it is only 
one kind of good teaching. It is conceivable that the 
good teacher may be almost inarticulate and produce 
his result by gentle suggestion or by example. He 
may even shrink from the kind of warm human contact 
which makes his more popular colleague effective. By 
doing his work with single individuals, or small groups, 
he may leave a more lasting and more fundamental 
impression.~ He, too, can be a good teacher. 

So the matter is not so simple. But, after all, do we 
not always approach truth by a series of approxima- 
tions? 
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Tue field of stereoisomerism is so extensive that a 
review article of reasonable length has to be. quite 
limited in scope. It is the object of the present paper 
to give an elementary but up-to-date account, of the 
basic concepts of stereoisomerism. Nevertheless, no 
attempt has been made to discuss as many different 
types of isomerism as possible. Only those topics 
which are of particular interest to the organic chemist 
are included, and only the stereochemistry of the element 
carbon is considered to any extent. The distinction be- 
tween molecular and statistical optical activity is 
emphasized throughout, because of the inadequate 
treatment given the subject in the majority of texts. 


PRELIMINARY REMARKS 


In regard to the carbon compounds, the basic prob- 
lem is, of course, the determination of the spatial ar- 
rangements of the atoms, or groups, about each carbon 
atom. Neglecting atomic vibrations, it is found that 
in some molecules, e. g., methane and cyclopropane, 
the atoms occupy fixed positions in space (relative to 
each other). The majority of compounds, however, 
do not consist of molecules possessing fixed configura- 
tions because of the presence of various groups of atoms 
which are free (or relatively free) to rotate about a 
single bond, e. g., ethane, toluene, etc. Although the 
spatial distribution of atoms is usually three-dimen- 
sional, as in methane, ethane, etc., it may be planar, 
as in ethylene and benzene, or even linear, as in acet- 
ylene. Stereochemical theory can, in general, show 
what the particular distribution is, although it cannot 
tell us the exact dimensions involved, without the help 
of the physicist. As described in Part I, the spatial 
arrangements of the atoms in a molecule are portrayed 
on paper by means of configurational formulas. 

When two or more molecules possess identical molecu- 
lar formulas, they are said to exhibit isomerism. 
While structural isomerism is concerned with molecules 
which possess the same molecular formula but different 
structural formulas (see Part II), stereoisomerism 
(and this includes both optical and geometric isomerism) 
is concerned with molecules possessing identical struc- 
tural formulas but different configurational formulas.! 


1 The detailed relationships that exist between the different 
types of stereoisomerism (as well as structural isomerism) are 
shown in the chart presented in Part II of this series (June issue, 
p. 284). It should be consulted throughout this paper. 


ASPECTS OF ISOMERISM AND MESOMERISM 


III. Stereoisomerism 


RICHARD L. BENT 
Eastman Kodak Company, Rochester, New York 


Molecules exhibiting structural isomerism differ jn 
regard to which atom is linked to which; molecules 
exhibiting stereoisomerism, on the other hand, do not 
differ in this respect. The differences between stereo- 
isomeric molecules can only be explained by consider- 
ing the spatial relationships of the atoms. 


TETRAHEDRAL NATURE OF CARBON 


Although Pasteur and Wislicenus made considerable 
contributions to stereochemical theory, Le Bel and 
Van’t Hoff in 1874 (independently of each other) were 
the first to treat the subject in a thorough and syste- 
matic manner. Essentially, both their theories were 
the same, although Le Bel elaborated on Pasteur’s 
conception of molecular asymmetry, while Van’t Hoff 
extended Kekulé’s theory of the quadrivalency of car- 
bon and was more concerned with the strict geometrical 
aspects of molecules. In fact, Van’t Hoff’s theory was 
essentially a spatial interpretation of Kekulé’s theory.’ 

Without considering historical details, the discus- 
sion that follows can be regarded as the present attitude 
toward the basic concepts of stereochemistry. For 
simplicity, let us consider the methane molecule. The 
carbon atom in such a molecule is depicted as being at 
the center of a regular tetrahedron (a solid figure of 
four sides, each of which is an equilateral triangle), 
while the hydrogen atoms are considered as being loca- 
ted at the four corners of the tetrahedron, as shown in 
I (the central carbon atom, portrayed here by a dot, is 


H 


H 
H 
(I) 


often omitted in such diagrams). Although a tetra- 
hedral arrangement was not the only arrangement capa- 
ble of accounting for the apparent equality of the four 
carbon valencies, it was originally adopted on the basis 
of chemical evidence. 

The hydrogen atoms in methane are linked by cova- 
lent bonds to the central carbon atom, each bond con- 


2 For a discussion of the two theories, see Frnpuay, A., “A 
Hundred Years of Chemistry,” 2nd ed., Gerald Duckworth and 
Co., Ltd., London, 1948, pp. 55-68. 
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sisting of a shared pair of electrons. Because of the 
extremely high velocity of the electrons, each hydrogen 
atom can be considered to be actually joined to the 
carbon by a cloud of negative electricity (or electron 
cloud) extending around the respective nuclei and, in 
particular, between the nuclei. Inherent directional 
properties are associated with a covalent bond (in 
contrast to an electrovalent bond). Each covalent 
bond can be considered as extending directly from one 
atom to another and, in general, when two or more 
such bonds are attached to a single atom, the bonds 
are at definite angles to each other.’ 

A covalent bond can be simply represented on paper 
by means of a straight line. In diagram II we have an 
alternative picture of the methane molecule, one in 
which all of the bonds and atoms are represented. 
Actual molecular models, the so-called ball-and-peg 
type, can readily be constructed from the valence- 
bond type of formula II, and have been widely used for 


demonstration purposes (see Figure 1). The inter- 
atomic distances are usually exaggerated in this type 
of molecular model, however, and often no allowance 
is made for the different sizes of atoms. These defects 
are not present in the Fisher-Hirschfelder-Taylor (or 
Stuart) molecular models (see Figure 2). 

Since a considerable part of stereoisomerism is con- 
cerned with the relative spatial arrangements of the 
atoms in a molecule, rather than with the exact sizes of 
the atoms and the exact interatomic distances, the ball- 
and-peg type can often give us the information de- 
sired. However, in order to understand the stereo- 
isomerism that occurs in certain derivatives of biphenyl 
(or any other type of stereoisomerism that depends 
upon steric hindrance), a knowledge of atomic sizes and 
bond lengths is important. For problems of this kind, 
Fisher-Hirschfelder-Taylor models should be used. 

Because the carbon atom in methane is at the center 
of a regular tetrahedron, the angle subtended by any 
two carbon-hydrogen bonds, the so-called tetrahedral 
angle, is easily calculated to be approximately 109° 
28’.4 

By means of X-ray and electron-diffraction experi- 
ments, it has been shown that the tetrahedral angle 


® Carbon has four electrons in its outer (valence) shell, two 2s 
electrons and two 2p electrons. -How these four electrons (pos- 
sessing different energies and spatial distributions) are able to 
give rise to four equivalent bonds (as in methane) is explained by 
quantum mechanics. For a nonmathematical explanation, and 
for a general treatment of stereochemistry in terms of molecular- 
orbital theory, see Minis, W. H., J. Chem. Soc., 1942, 457; 
Counson, C. A., Quart. Revs., 1, 144 (1947); C. R., 
J. Cuem. Epuc., 27, 504 (1950). 

‘For a delightfully simple calculation, see Brittin, W. E., 
J. Cuem. Epvc., 22, 145 (1945). 


does not vary appreciably from this value when all four 
atoms, or groups, are similar in nature. When they 
are not similar, however, distortions of a few degrees 
can occur, because of differences in the repulsive and 
attractive forces of the particular groups. Thus, the 
Cl—C—Cl bond angle in methylene chloride is found 
to be about 112°.* 


ETHYL BROMIDE 


Figure 1 


METHANE 


In the cyclic compounds possessing very small rings, 
the constancy of the tetrahedral angle is not even ap- 
proximately preserved. The angle is forced to assume 
smaller values for purely “geometric” reasons. Thus, 
in cyclopropane and cyclobutane, both of which pos- 
sess a planar arrangement of carbon atoms, the carbon- 
carbon bond angles are 60° and 90° respectively. It 
was originally assumed that the next higher homologue, 
cyclopentane, also possessed a planar ring, and that 
the carbon-carbon bond angle was approximately 108°, 
deviating only slightly from the tetrahedral angle. 


METHANE 


Figure 2 


However, it is now believed that the cyclopentane ring 
is slightly puckered.® In the case of cyclohexane, it 
appears that the tetrahedral angle is not distorted at 


5 See WHELAND, G. H., “Advanced Organic Chemistry,” 2nd 
ed., John Wiley & Sons, Inc., New York, 1949, p. 167. 

6 Kiupatrick, J. E., K. 8. Prrzer, anp K. Sprrzer, J. Am. 
Chem. Soc., 69, 2483 (1947). 
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all in the so-called “chair” form, but that slight dis- 
tortions probably occur in the ‘“‘boat’’ form; consid- 
erable distortion occurs, of course, in the intermediate 
planar form (all forms being in dynamic equilibrium 
with one another).’? There is little doubt that the 
tetrahedral angles in cycloheptane and cyclooctane are 
distorted to a certain extent; similarly, though to a 
lesser extent, in the higher homologues, until rings of 
considerable size (16 carbon atoms or so) have been 
reached. 

It should be pointed out that there are two major 
sources of “internal strain” in the cycloalkanes: 
(a) distortions of the (ring) bond angles from the normal 
tetrahedral value (in regard to small rings this corre- 
sponds to Baeyer’s classical strain theory); (b) devia- 
tions of the carbon-hydrogen spatial arrangements from 
the preferred staggered positions (preferred because 
of the decrease in mutual repulsion of the atoms). 
Both types of strain may be present at the same time 
in a molecule and both result in increasing the internal 
energy of the molecule. 

In the three- and four-membered rings, the consid- 
erable distortion of the bond angles appears to be the 
major source of the strain present. The second factor, 
the so-called “constellation” factor, is small because 
the small angles increase the distances between the 
hydrogen atoms and therefore decrease repulsion. In 
a five-membered ring, the constellation factor is of 
majorimportance. The mutual repulsions of the atoms 
in a strictly planar cyclopentane would result in a 
large increase in internal energy. However, the strain 
(t. e., the “constellation” strain) is decreased to a cer- 
tain extent by rotations of the carbon atoms, causing 
distortions of the bond angles, and resulting in a non- 
planar molecule. While cyclohexane (particularly in 
the chair form) can exist in a relatively strain-free 
configuration, with all carbon-hydrogen bonds nicely 
staggered, this is not possible for cycloheptane or 
cyclooctane, and as a result the latter compounds pos- 
sess considerable internal strain (molecular models 
show appreciable overcrowding of the atoms). The 
strain appears to decline gradually for the higher mem- 
bers until a constant value is reached at approximately 
cyclohexadecane. 

Because almost every statement that is made con- 
cerning the spatial aspects of a molecule is complicated 
by the occurrence of freedom of rotation within the 
molecule, a few preliminary remarks should be made 
at this point. 

Thus, it is often stated that a molecule like ethane, 

7 Recent physical evidence (infrared spectra, Raman spectra, 
etc.) indicates that at normal temperature cyclohexane is sub- 
stantially in the more symmetrical chair form, together with a 
small percentage of the less symmetrical boat form (the latter 
possessing a higher energy content). The number of molecules 
possessing the boat form, however, increases rapidly with the 
temperature. See Beckett, C. W., K. S. Pitzer, and R. 
Spitzer, ibid., 69, 2488 (1947). 

8 The above discussion is largely based on an article by Brown, 
H. C., anp M. Borkowskl1, ibid., 74, 1894 (1952), and on certain 


of the references given there. See also discussion by WHELAND, 
G. H., ref. 5, p. 365. 
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for example, does not possess any isomers. Mor 
exactly, this means no separable isomers. Because of 
the rotation (or rotation-oscillation) of the methy| 
groups, there are, of course, an infinite number of dif. 
ferent spatial positions possible for the two groups 
each “instantaneous” form theoretically being an igo. 
mer and displaying different properties (actually, 
because ethane is a relatively symmetrical molecule, 
one should only consider the different spatial positions 
during one third of a rotation since the configurations 
repeat themselves during a complete rotation). The 
properties exhibited by an appreciable number of 
molecules will, of course, be the average of the proper 
ties of each individual molecule. Because one is nor- 
mally concerned with an immense number of molecules 
this average does not vary to an appreciable extent 
(as shown by probability theory). In effect, therefore, 
we are dealing with one substance only. 

Again, when the statement is made that a compound 
can exist in only (say) two stereoisomeric forms, this 
usually means two “average” forms. If freedom of 
rotation is present, both of these isomers (considered 
individually) actually consist of a vast umber of 
different spatial forms. The observed properties of 
each isomer will, therefore, be the result of the averaging 
of the properties of each of these individual structures. 
Thus, in effect, we are dealing with only two different 
substances. 

If no freedom of rotation is present in a molecule, 
it is obvious that only one spatial formula is capable of 
representing it, e. g., in IIIa, if A, B, X, and Y are all 
single atoms. If, however, these letters represent 
groups of atoms, capable of rotation, then there are an 
infinite number of spatial formulas capable of repre- 
senting the substance. In practice, of course, one of 
these “static” formulas is chosen to represent the mole- 
cule, the freedom of rotation being taken for granted 
(see Part I). 

The chemical evidence for a tetrahedral environment 
should now be examined. Let us consider a fully sub- 
stituted methane. Isomerism only occurs when all four 
of the atoms or groups about the central carbon are 
different. A carbon atom connected in this manner is 
said to be asymmetric. Only two isomers, IIIa and 
IIIb, are possible for a molecule of the type CABXY, 


A | A 
C | 
BxXY ¥ | 
mirror Y 
(not identical) 
(IIIa) (IIIb) (IV) 


where A, B, X, Y (here, and throughout this paper) 
represent dissimilar atoms or “simple” groups, 7. ¢., 
the attached groups must not contain further assym- 
metric centers or be capable of exhibiting any other type 
of isomerism, otherwise more than two isomers will be 
possible. Since both molecules possess the same struc- 
tural formula, IV, or CABXY for short, but have dif- 
ferent spatial, or configurational formulas, IIIa and 
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IIIb, they are called stereoisomers of one another. 
Because they exhibit a nonsuperimposable mirror- 
image relationship to each other,® and because an ap- 
preciable number of molecules of each isomer rotates 
the plane of polarized light to an equal but opposite 
degree, they are specifically called enantiomorphs 
(from the Greek words enantio, meaning opposite, and 
morphos, meaning shape or form). Chloroiodometh- 
anesulfonic acid, V, is one of the simplest examples of 
this type of isomerism. As expected from the tetra- 


Cl—C—SO0;H 
| 


I 

(V) 
hedral theory, this compound exists in two enantio- 
morphic forms. Other well-known examples are: 
lactic acid, CH;C*HOHCOOH; malic acid, HOOCC*- 
HOHCH:COOH; and “active” amyl alcohol, C.H;- 
C*H(CH;)CH:OH. Each of these compounds exists 
in two, and only two, enantiomorphic forms because 
of the presence of a single asymmetric carbon atom 
(denoted by an asterisk). 

The terms asymmetry and asymmetric are used 
throughout this paper because of their familiarity, rather 
than the more correct terms dissymmetry and dissym- 
metric. In common usage, an asymmetric molecule 
is considered to be one that cannot (at any time) be 
superimposed upon its mirror image, 7. é., it is a mole- 
cule that is capable of possessing an enantiomorphic 
partner. Since any molecule containing a single car- 
bon atom linked to four different atoms or groups can 
exist in two enantiomorphic forms,'® we speak also of 
an asymmetric carbon atom. Thus, the lactic acid 
molecule is asymmetric because it possesses a nonsuper- 
imposable mirror image; one of the carbon atoms is 
attached to four different groups (CH;, H, OH, and 
COOH) and therefore the molecule also possesses an 
asymmetric atom. 

Strictly speaking, however, the word asymmetry 
implies the absence of all elements of symmetry (see 
later). If a molecule is to be capable of having an 
enantiomorphic partner, it has been found that there 
are only three elements of symmetry that must at all 
times be absent (the plane, point, and alternating axis 
of symmetry). It is still possible, however, for certain 
enantiomorphic molecules to possess what is termed 
an ordinary axis of symmetry, even though the all- 


*If A, B, X, and Y represent atoms, this relationship is obvious. 
Nevertheless, even if they represent groups, it is still true that for 
every possible position (during rotation of the groups) the cor- 
responding mirror-images will be nonsuperimposable (this is not 
true if two or more of the attached groups are identical, in which 
case certain spatial positions possess a superimposable mirror 
image). 

” Attempts to make an optically active compound containing 
four different atoms, or groups, two atoms of which differ only in 
being isotopes of one another, e. g., hydrogen and deuterium, up 
to now have not been successful. The differences between two 
He atoms apparently are not great enough to give a measurable 
result. 
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important elements are absent, 7. e., an optically active 
molecule need not be devoid of all elements of sym- 
metry. Thus, a molecule is more correctly said to be 
dissymmetric if it is not superimposable on its mirror 
image, and asymmetric if it does not possess any of the 
elements of symmetry (including the ordinary axis). 
It is correct, however, to speak of a single carbon atom 
attached to four different groups as being asymmetric 
since it cannot possess any of the elements of sym- 
metry." 

Let us suppose that the atoms or groups in a substi- 
tuted methane were distributed in a planar rather than 
a tetrahedral manner. The number of isomers pre- 
dicted in such cases is at complete variance with the 
number of isomers that actually exists.'? Thus, in a 
molecule of the type CAABB, for example, two iso- 
mers, VIa and VIb, would be predicted (the dot at the 


Ae A A B 
. 
Be B Be JA 
(VIa) (VIb) 


center represents a carbon atom and the radiating 
dotted lines the valence bonds). No such isomers 
have ever been discovered with carbon as the central 
atom. It is of interest to note, however, that planar 
structures of this type occur in certain compounds of 
platinum, for example, when the latter is quadrivalent. 

When we come to a substituted methane of the type 
CABXY, where all four of the substituted atoms or 
groups are different, three planar isomers, VII, VIII, 
and IX, would be expected rather than the two tetra- 
hedral isomers, IIIa and IIIb, that actually exist. It 


A B A B A * 4 A Y 


Y x B 
(VI) (VID (IX) (X) 


may appear to the reader that there are other arrange- 
ments of the atoms or groups which would give rise to 
additional planar isomers, but with all possible arrange- 
ments it is found that by moving the molecule in 
various ways a structure identical with VII, VIII, or 
IX always results. Thus, [IX and X might seem to be 
two distinct structures, but on rotating X about the AB 
axis, Structure [X results. 

To summarize: For a tetrahedral carbon atom con- 
nected to four different groups, one predicts and finds 
two stereoisomers only, and specifically two enantio- 
morphic isomers. For a planar carbon atom connected 


11 For further discussion, see WHELAND, G. H., ref. 5, p. 168. 

12 Similarly, the number (and type) of isomers predicted for a 
pyramidal arrangement (where the carbon atom is at the apex of a 
pyramid, and the four valencies are directed toward the corners 
of the square base), or for any other spatial arrangement, does 
not agree with the isomers that actually do occur. 
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to four different groups, one predicts three stereoiso- 
mers, and specifically three geometric isomers. It will 
be shown later that such isomers are devoid of any 
(overall) optical activity because of the presence of a 
plane of symmetry. 


MULTIPLE BONDS 


For the purposes of this paper, the stereochemical 
effect of a carbon-carbon double bond is illustrated in 
Figure 3, which represents the hypothetical formation 


Figure 3 


of ethylene from two molecules of methane (with elimi- 
nation of hydrogen). It is evident that the double 
bond is responsible for the planarity of the ethylene 
molecule. Similar arguments apply to the carbon- 


nitrogen, carbon-oxygen, and other double bonds." 


Figure 4 


The formation of acetylene, by the hypothetical 
combination of two molecules of methane, is illustrated 
in the classical manner in Figure 4. It is evident that 
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a carbon-carbon triple bond causes the molecule {, 
become linear. 


ENANTIOMORPHISM 


With the exception of one important physical prop. 
erty, namely, optical activity or the ability to rotate 
the plane of polarized light, all of the common phyzsi- 
cal and chemical properties of enantiomorphic igo. 
mers (such as melting points, boiling points, reaction 
rates, etc.) are identical (the physiological properties, 
however, may not be). Enantiomorphs differ in that 
they rotate the plane of polarized light to an equal 
but opposite extent.5 The common physical and 
chemical properties of enantiomorphs are identical, 
however, only if (a) they are not mixed together, or 
(b) they are not reacted individually with a third com- 
pound which is itself optically active. When mixed, 
the properties of enantiomorphs are not identical with 
the properties of each isomer considered separately, 
but are dependent upon the composition of the mix- 
ture. Most of the properties of enantiomorphs are 
identical, of course, because of the great similarity to 
each other both structurally and spatially (cf. Strue- 
ture IIIa with IIIb). 

Optical activity is restricted to two classes of sub- 
stances: (1) Those compounds whose molecules pos- 
sess an asymmetric arrangement of atoms within the 
molecule. Such compounds are capable of displaying 
optical activity not only in the crystalline state but 
also in the liquid state or when in solution, for the in- 
dividual molecules are optically active, each molecule 
possessing optical activity of the same sign at all times 
(though to a different degree at any particular instant). 
(2) Certain crystalline substances which, although not 
possessing an asymmetric arrangement of atoms in a 
molecule, possess an asymmetric arrangement of mole- 
cules, or atoms, throughout the whole crystal. Once 
the crystalline structure has been broken down by 
melting, solution, etc., the (overall) optical activity 
disappears. 

As previously stated, an asymmetric molecule 
(whatever its particular “type” of asymmetry) by 
definition always possesses a noncoincident mirror 
image (in all of its spatial forms). In a large number 
of cases, it is the presence of an asymmetric carbon 
atom (or atoms) that gives the molecule as a whole its 
asymmetry and that causes the isomer to display 
(overall) optical activity. Nevertheless, the presence 
of such an atom is not a necessary condition for optical 
activity, for asymmetric molecules exist, e. g., certain 
biphenyl derivatives, which do not possess such a 
carbon atom, and such molecules give rise to enantio- 
morphic isomers. 


13 According to classical theory, both the carbon-carbon bonds 
in ethylene are identical and the hydrogen-carbon-hydrogen bond 
angle should have approximately the tetrahedral value of 109°. 
According to molecular-orbital theory, however, one of the bonds 
(the so-called x bond) is different from the ordinary (or 6) single 
bond and is actually the weaker bond. In addition, the hydro- 
gen-carbon-hydrogen bond angle is calculated to have the tri- 
gonal value of 120° (see ref. 3). 


14 Although modern theory also predicts a linear molecule for 
acetylene, it shows that the triple bond is made up of one strong 
6 bond and two weaker x bonds (see ref. 3). 

18 All statements concerning the optical activity of a compound 
refer to a statistical activity of an appreciable number of mole- 
cules and not to an individual molecule. As explained later, the 
optical activity of an individual molecule, in the great majority 
of compounds, varies from instant to instant 
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The relationship between two enantiomorphic mole- 
cules is like that between a right and a left hand; 
both hands have a similar structure, 7. e., contain five 
similar fingers, and each finger is connected in a similar 
manner. Thus, both thumbs are connected to the 
forefingers, and the latter are connected to the middle 
fingers, and so forth. But yet the actual spatial ar- 
rangements of the fingers in each hand are not identical 
and they exhibit a noncoincident, or nonsuperimpos- 
able, mirror-image relationship (when placed palm to 
palm, they are not being superimposed). 

It is to be noted that the two enantiomorphic mole- 
cules, Ila and IIIb, differ in one important respect; 
in IIa there is a clockwise relationship existing between 
the atoms, or groups, B, X, and Y, while in IIIb there 
is a counterclockwise relationship (looking up under- 
neath B, X, and Y). It must be stressed that even 
today we do not know with complete certainty which 
one of the two is responsible for the dextro rotation. 
In fact, until recent years, there were no known methods 
of identifying the absolute configuration of such a com- 
pound, and therefore one of the isomers was arbitrarily 
designated to be the dextro; its mirror image by defi- 
nition, possessed the levo configuration.'* Once the 
configuration of a compound containing only one 
asymmetric carbon had been established by decree, 
then the (relative) configurations of the more compli- 
cated molecules derived from it were based accordingly 
upon the arbitrary standard and could be determined 
experimentally, although this was not always easy. 

How can one predict whether an appreciable number 
of molecules of a certain compound will be optically 
active? One method is to construct a molecular 
model of the molecule in question and of its mirror 
image and test for coincicence in all possible spatial 
positions; or we can represent the molecule and its 
mirror image on paper by means of spatial formulas. 
If the two models, or spatial formulas, are found to be 
nonsuperimposable at all times, the molecules they 
represent will be optically active in all spatial positions. 
The optical activity of an appreciable number of such 
molecules from the two (enantiomorphic) isomers is 
always equal and opposite. 

A quicker method is to examine the molecule for the 
presence, or absence, of certain elements of symmetry. 
If all three of the following elements of symmetry 
(or rather, classes of elements) are absent from a mole- 
cule, an appreciable number of such molecules will al- 
ways display overall activity: (a) a plane of symmetry, 
(b) a center, or point, of symmetry, and (c) an alternat- 
ing axis of symmetry. As mentioned before, the al- 
ternating axis must be carefully distinguished from the 


ordinary axis (or line) of symmetry. Many asymmetric 


molecules do not possess an ordinary axis of symmetry, 
but some do and so its absence is not a necessary con- 

‘6 For discussions concerning the possibility of determining 
absolute configurations, see PEERDMAN, A. F., A. J. Van BomMEL, 
and J. M. Busvoet, Proc. Koninkl. Nederland. Akad. Wetenschap., 
54B, 16 (1951). See also Woop, W. W., W. Fickert, anp J. G. 


Kirkwoop, J. Chem. Phys., 20, 561 (1952). For a recent review, 
see KuHN, W., Z. Elektrochem., 56, 506 (1952). 
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dition for overall optical activity. Therefore, this 
particular element of symmetry need never be consid- 
ered in stereochemical problems. 

It also should be mentioned that in practice it is 
only necessary to consider whether a molecule possesses 
either a plane or a point of symmetry. Theoretically, 
however, if neither of these two elements is present, 
the molecule would then be examined for an alternating 
axis of symmetry, because even if this were present 
alone, the compound would be inactive (7. ¢., statis- 
tically). Although an alternating axis is often present 
in addition to the other elements of symmetry, so far 
no molecule possessing only an alternating axis has 
been prepared or found in nature, although one can 
readily enough ‘“‘construct”’ one on paper. 

It should be emphasized that a molecule is said to 
“possess” a particular element of symmetry, no matter 
how few spatial positions out of an infinite number pos- 
sess such an element (e. g., the biphenyl derivative, 
XIXa, described later, possesses a plane of symmetry 
in only two spatial positions, and yet this is sufficient to 
guarantee statistical inactivity). Each of the ele- 
ments of symmetry will now be considered in detail. 

Plane of Symmetry. A plane of symmetry is said 
be present in a molecule if the latter can be divided into 
two parts by an imaginary plane so that each half is the 
mirror image of the other half. Thus, the molecule, 
XI, has a plane of symmetry through the atoms 


(or groups) A, C, and the central carbon. Its mirror 
| 
| 
| B| 
C | Cc 
(identical) 
(XI) (XII) 


image, XII, is identical and therefore no enantio- 
morphism is possible. Whenever the central carbon 
is attached to four different groups (rather than three 
in XI), however, the molecule does possess a nonsuper- 
imposable mirror image, because there can be no plane 
of symmetry present in such a molecule (or any other 
element of symmetry). 

In order to divide the molecule into symmetrical 
halves, the<ividing plane may or may not cut through 
atoms or groups. Ethane, for example (in certain spa- 
tial positions) possesses a plane of symmetry which 
cuts across the carbon-carbon bond; two of the five 
possible plans of symmetry in cyclobutane also cut 
across connecting bonds. 

Point of Symmetry. A molecule is said to possess a 
point, or center, of symmetry if a point can be placed 
within the molecule so that when a line is drawn from 
any atom or group to this point and then extended, it 
will always meet a similar atom or group (at the same 
distance).!7_ Thus, although trans-dimethyl-diketo-pi- 


17 When a point of symmetry is present in a molecule, there is 
always an alternating axis of symmetry present at the same time. 
A molecule can, however, possess an alternating axis without 
necessarily possessing a point of symmetry (at least in theory). 
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perazine, XIIIa, does not possess a plane of symmetry, 
it does possess a point of symmetry, and its mirror 
image, XIIIb, can be made to coincide with it. That 


CH, | CH, = H 
\ | \xnH—co’” 
(identical) (XIIIb) 


the two molecules are identical can be readily seen by 
inverting either molecule. For simplicity, the exact 
spatial relationships of every atom are not shown in the 
diagram. The methyl groups and hydrogen atoms 
attached to the asymmetric carbon atoms extend above 
and below the plane of the ring (not vertically but at 
the tetrahedral angle). The doubly bonded oxygen 
atoms are in the plane of the ring but stick out at an 
angle away from the ring (for further remarks con- 
cerning the piperazine ring, see the following section). 
It should be noted that there are two similar asymmetric 
carbon atoms present in the molecule; since it is opti- 
cally inactive (7. e., has no overall activity), it is also 
called a meso compound (see diastereoisomerism). 

Axis of Symmetry. A molecule is said to possess an 
ordinary axis of symmetry if a line can be drawn through 
the molecule so that on rotating the latter about this 
line (or axis) through 360° it will coincide with itself 
at least twice. For example, let us consider cis- 
dimethyl-diketo-piperazine, XIVa. All three of the 


| 
| 
] 
H C | H 0 


» 
*C c | 
ZN 
CH; CO——NH CH; | CHs NH——CO CH; 
| | 


(not 
identical ) 

(XIVa) (XIVb) 
necessary elements of symmetry are absent in this 
molecule and therefore it possesses a noncoincident 
enantiomorphic partner, XIVb. However, the mole- 
cule does possess an ordinary axis of symmetry. As 
stated before, one never need worry about this element 
of symmetry because it has no significance to the or- 
ganic chemist (at least in relation to stereoisomerism). 

The planar form of the six-membered piperazine 
ring has been drawn for convenience, even though the 
ring system is undoubtedly puckered and compara- 
tively strainless. But since presumably there is a 
dynamic equilibrium among the various forms (as in 
cyclohexane), including also the “intermediate” planar 
form, the possible number of isomers can be calculated 
on the basis of the planar formula. This would not be 
the case if the various geometric forms were capable of 
independent existence, for then the number of optical 
isomers would be greater. 

Although three different groups are attached to the 
nitrogen atoms in both XIII and XIV, they are not 
asymmetric in the same sense that the carbon atoms 
are, for a nitrogen substituted in this manner gives 


JOURNAL OF CHEMICAL EDUCATION 


rise to no enantiomorphism of its own. A compound 
of the type NABC theoretically should give rise to two 


optical isomers, XVa and XVb. However, every 
N N 
/\\ 
A \ A 
Cc Cc 
(XVa) (XVb) 


attempt to prepare an optically active derivative of 
ammonia containing a single trivalent nitrogen atom 
has failed so far. This is almost certainly due to an 
oscillation of the nitrogen atom which converts one 
optical isomer into the other, the oscillation being so 
rapid that no isolation of the two forms is possible, 
It is of interest to note, however, that one compound, 


Tréger’s base, XVI, containing two asymmetric tri- 
N——CH, 
| 
| 
| | ) 
CH; 
CH, CH, 
(XVI) 


valent nitrogen atoms, has been resolved into optically 
active forms.'® In this compound the nitrogen atoms 
are part of a complex (and more or less rigid) ring 
system, and are therefore prevented from vibrating to 
their usual extent. 

When the nitrogen is linked by a double bond, sepa- 
rable isomers are possible. The isomerism exhibited 
by the oximes, for example, is very similar to that shown 
by certain derivatives of ethylene, e. g., sym-dichloro- 
ethylene. Thus, 

R, 


C=NOH 


exists in two stereoisomeric forms, as shown by the con- 
figurational formulas XVIIa and XVIIb. The two 


forms have distinct physical and chemical properties, 
Ri Ri OH 
\ 
C=N C=N 
OH 
(XVIIa) (XVIIb) 


are called geometric isomers. The central carbon and 
nitrogen atoms, and the three single bonds connected 
to the atoms, are all in the same plane (drawn here in 
the plane of the paper). The double bond can be 
picture as extending vertically above and below the 
plane of the paper. The isomerism is possible because 
of the lack of freedom of rotation about the carbor- 
nitrogen double bond (as with a carbon-carbon double 
bond). 

Alternating Axis of Symmetry. A molecule is said 
to possess an alternating axis of symmetry if a line, o 


18 See Pretoa, V., AND P. WIELAND, Helv. Chim. Acta, 27, 1127 
(1944). 
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axis, can be drawn perpendicular to a plane dividing 
the molecule into two halves, which, on rotation of 
one-half of the molecule about that axis (in either di- 
rection), will cause that half to become at certain in- 
tervals the mirror image of the opposite half. (If 
necessary, the imaginary plane can, of course, cut 
symmetrically through atoms or groups.) It is called 
an alternating axis because rotation of one-half of the 
molecule will cause that half to become alternately 
“eoincident”’ and “noncoincident” (in regard to a 
mirror-image relationship) with the opposite half. 

The piperazine derivative, XIII, for example, pos- 
sesses an alternating axis of symmetry (in addition to 
a point of symmetry). As stated previously, in prac- 
tice this element of symmetry is not important, and so 
no description will be given here of a (hypothetical) 
molecule which has none of the decisive elements of 
symmetry present except for the alternating axis.'® 


FREEDOM OF ROTATION 


The so-called freedom of rotation about a single 
bond does not mean complete freedom. Even in the 
ethane molecule, there is some interference between the 
hydrogen atoms in the two methyl! groups. This means 
that the groups will not rotate about each other until 
a certain minimum force has been applied. The forces 
causing rotation are, in general, the impacts of the mole- 
cules themselves, and usually these impacts will be 
sufficiently powerful to bring about rotation. Al- 
though it appears that by no means all of the impacts 
are able to cause rotation, the latter will occur fre- 
quently enough so that from the standpoint of the 
chemist it can be considered to occur in a continuous 
fashion.?° 

Quantum theory has shown, in addition, that the 
methyl groups cannot possess any value of rotational 
energy, 7. €., @ continuous series of energy values is not 
possible. The methyl groups can only possess certain 
discrete multiples of the minimum possible energy 
(the rotational energy of the molecule as a whole is, of 
course, also quantized). 

During rotation of the methyl groups in ethane, all 
the possible spatial positions are not equally probable. 
Ignoring collisions, ete., the methyl groups possess a 
constant (total) energy, but they do not possess a con- 
stant velocity. The potential energy of the groups 
varies during rotation, owing to differences in the at- 
tractive and repulsive forces of the atoms in the dif- 
ferent spatial posit} as, and therefore the kinetic energy 
and velocity of these groups will also vary. These 
remarks, of course, apply equally well to all molecules 
possessing groups in rotation about a single bond.*! 


* For a description of such a molecule, see SHRINER, R. L., 
R. Apas, anp C. 8. MaRVEL, in Gitman’s “Organic Chemistry,” 
2nd ed., John Wiley & Sons, Inc., New York, 1943, Vol. 1, p. 319. 
_ ™ See Rice, O. K., “Electronic Structure and Chemical Bind- 
ing,” McGraw-Hill Book Co., Inec., New York, 1940, p. 273. 
See also Pautina, L., “The Nature of the Chemical Bond,” 
2nd ed., Cornell University Press, Ithaca, N. Y., 1940, pp. 90-2. 
rh id further discussion, see WHELAND, G. W., ref. 5, pp. 

‘ : 


MOLECULAR AND STATISTICAL ACTIVITY 


Let us first consider substances displaying (overall) 
optical inactivity. In the majority of organic mole- 
cules belonging to this class, there are, of course, vari- 
ous groups present which are in rotation (or rotation- 
oscillation) about single bonds. Because of this there 
are frequently a large number of (transitory) spatial 
positions in such molecules which do not possess a plane 
or a point of symmetry. Whenever a molecule is in 
such a configuration, it is optically active. If, however, 
the molecule is at any time capable of possessing a plane 
or point of symmetry, the overall optical activity displayed 
by an appreciable number of such molecules is always 
found to be zero. In such cases, the optical activity 
displayed by one molecule in a particular asymmetric 
configuration is always (found to be) balanced by the 
presence of another molecule possessing a mirror-image 
configuration and therefore of opposite activity (this 
is simply a result of the symmetry of such molecules). 

Let us now consider the optically active substances. 
If a molecule is at no time capable of possessing a plane 
or point of symmetry, the overall optical activity of an 
appreciable number of such molecules is not zero. In 
such cases, the molecule rotates the plane of polarized 
light in the same direction (though to a different degree) 
in all possible spatial positions, 7. e., configurations 
which are mirror images of one another do not occur in 
such molecules. 

Questions concerning the optical activity of an in- 
dividual molecule are, of course, somewhat speculative 
since experimental results can only be obtained from a 
considerable number of molecules. However, it ap- 
pears reasonably certain that the following types of 
molecules are completely inactive at all times and no 
matter in what direction the beam of polarized light 
approaches the molecule: (1) Those molecules which 
possess a fixed configuration of atoms and a point of 
symmetry, e. g., ethylene, benzene, cyclobutane, etc. 
Some molecules of course, because of freedom of rota- 
tion, only possess a point of symmetry when the atoms 
are in certain positions, so that the molecule may be 
optically active in many of the other spatial forms. 
(2) Those molecules which, although not possessing a 
point of symmetry, nevertheless possess an extremely 
high degree of symmetry, e. g., carbon tetrachloride 
(the molecule does, of course, possess a plane of sym- 
metry). 

Let us now consider a molecule like chloroform, 
possessing a fixed configuration and a plane of symme- 
try, which is not in either class (1) or (2). If a beam 
of plane-polarized light passes through the molecule so 
that it is perpendicular to the plane of symmetry, it 
can be shown that the resulting rotation is zero. It 
also appears likely that the rotation is zero if the plane 


22 The present discussion is largely based on articles by NOLLER, 
C. R., J. Cuem. Epuc., 24, 600 (1947); Mowery, D. F., ibid., 29, 
138 (1952); WHELAND, G. W., ref. 5, pp. 130-47, 190-2; No.ier, 
C. R., “Chemistry of Organic Compounds,” W. B. Saunders and 
Co., Philadelphia, 1951, p. 341. See also FREuDENBERG, K., 


“Stereochemie,” Franz Deuticke, Leipzig, 1933, lithoprinted by 
Edwards Brothers, Inc., Ann Arbor, Mich., 1945, pp. 317 ff. 
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of symmetry is parallel to the plane of polarization. 
However, in all other orientations, the molecule is 
optically active. The overall activity of a large num- 
ber of molecules of chloroform is zero because the proba- 
bility of a particular molecule rotating the plane in a 
dextro manner is exactly equal to the probability of it 
rotating it in a levo manner, and so the individual ac- 
tivities of the various molecules cancel out by external 
compensation. 

Let us now examine ethyl bromide, a molecule con- 
taining groups which are capable of freedom of rota- 
tion. It will be shown that out of an infinite number 
of possible spatial positions only six configurations 
possess a plane of symmetry. In all other configura- 
tions, the molecule is asymmetric and _ optically 
active (in whatever direction the beam of polarized 
light approaches the molecule). Nevertheless, as in 
the previous case statistical inactivity results. 


c 
identical 


b' 
not identical 


identical 


identcol 


Figure 5 


Let us suppose that the molecule is being observed 
directly above the axis of rotation (of the two methyl 
groups) and that the group containing the bromine 
atom is nearest to us (represented in Figure 5 by un- 
broken lines, the dot representing the bromine). Let 
us examine the different spatial arrangements that oc- 
cur during one third of a rotation. In position a, the 
atoms in the CH.Br group are pictured as being directly 
above the hydrogen atoms in the unsubstituted methyl. 
After one-third of a rotation, the former are again di- 
rectly above the hydrogen atoms, as shown in position 
e. The molecule in both positions a and e possesses a 
superimposable mirror image and is optically inactive 
(in certain directions with respect to the polarized light), 
for it possesses a plane of symmetry in these positions. 

Similarly, after one-sixth of a rotation, the molecule 
is optically inactive (in certain directions), as shown in 
position c. However, let us examine an intermediate 
position, b, for example. The molecule is now opti- 
cally active (in all directions with respect to the beam of 
light) because it does not possess any of the necessary 
elements of symmetry. In fact, theoretically, this is 
true for all spatial positions that are possible between 
those represented by a and c. 

The degree of optical activity will depend (in part) 
on the “degree’’ of asymmetry possessed by the mole- 
cule. Thus, as the spatial positions of the groups 
change from a to c, the molecule exhibits greater and 
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greater asymmetry and, therefore, presumably is capa- 
ble of exhibiting greater and greater optical activity, 
until a maximum is reached when the groups are in g 
position exactly halfway between a and ¢ (i. e., until 
one-twelfth of a rotation has occurred). After this 
point has been reached, the molecule exhibits less and 
less asymmetry and optical activity, until the latter 
reaches zero at position c. 

A similar situation occurs between positions ¢ and 
e. However, the optical activity is now reversed in 
these positions, because each one of these is the mirror 
image of a corresponding position between a and ¢, 
Thus d and b (which represent ‘‘corresponding”’ inter- 
mediate positions) are mirror images of each other, 
7. e., dis identical with b’. Although all possible dextro 
or levo positions are not equally probable, it is true 
that when each dextro position is compared to the cor- 
responding levo position, each pair of positions is 
equally probable. Thus, positions d and b are equally 
probable (this is true for ethyl bromide because the 
bottom methyl group contains three identical atoms), 

If we consider a molecule of the type, CH;CXYZ, 
however, the situation is different because of the pres- 
ence of a single asymmetric carbon atom. By exam- 
ining a molecular model of either of the isomers, it can 
readily be seen that the molecule is asymmetric, and 
therefore optically active at all times. In addition, 
at no time will certain positions be the mirror images 
of others, 7. e., the molecule does not pass through both 
dextro or levo configurations, so that the molecules of 
one isomer will al! be either dextro- or levo-rotatory. 
The same type of argument applies, of course, to any 
of the more complicated molecules. 


ENANTIOMORPHISM (Continued) 


The following statements can be made concerning 
compounds with one or more asymmetric carbon atoms 
(which can always be checked by actual construction 
of molecular models). Once more it should be kept 
in mind that each isomeric “form’’ consists of an infinite 
number of different spatial forms. However, if there 
is, for example, a clockwise relationship existing between 
certain atoms or groups in one of the isomers, this re- 
lationship persists during rotation; also a counter- 
clockwise relationship exists, and persists during rota- 
tion, in its enantiomorphic, or mirror-image form. 

(1) Any compound, whether “straight” -chain, cyclic, 
fused-cyclic or any combination of these, which con- 
tains a single carbon connected to four different groups 
(7. e., which contains a single asymmetric carbon atom) 
always possesses nonsuperimposable mirror image, 
and is therefore capable of existing in two spatial forms 
which exhibit an enantiomorphic relationship to one 
another. 

(2) Any “straight” -chain or monocyclic compound 
possessing n different asymmetric carbon atoms will 
be capable of existing in 2” enantiomorphic modifica- 
tions, or 2”/2 pairs of optical isomers. 

It is to be noted that this general formula does not 
always apply to certain fused-ring compounds contain- 
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c c Cc Cc 
A B A B a——_B } B—-a B A B A 
Cc 
D E E D 
D E | E D 
F F F F 
| 
(a) (b) (c) (c’) (b’) (a’) 
Cc Cc l Cc 
B A B A B—— a | a-+ B A B A B 
D 
D E E D—+— E | E-+-D . D E D 
F | F 
(d) (e) (f) (f’) (e’) (d’) 
(XVIII) 


ing two or more dissimilar asymmetric atoms; the 
number of possible isomers may be less than 2” in 
such compounds because of steric factors. In addi- 
tion, it does not apply to any compound possessing 
similar asymmetric carbon atoms, the total number of 
possible isomers always being less in these cases (see 
discussion of diastereoisomerism). 

Only one example will be considered here, namely, 
a fully substituted ethane molecule containing two 
different asymmetric carbon atoms.?* On substituting 
in the general formula, it can be seen that four (2°) 


molecule must be (at all times) asymmetric as a whole 
for, by definition, such a molecule always possesses a 
nonsuperimposable image. Although the majority 
of optically active compounds contain asymmetric 
carbon atoms, there are a number of compounds, 
e. g., certain allenes, spiranes, biphenyls, etc., that do 
not.24 Only one example of the biphenyl type will be 
given here. 

Let us examine the biphenyl derivative, XIXa. 
The atoms and groups in the ortho positions are unable 
to interfere with one another very much even when 


different stereoisomers, 7. e., two enantiomorphic pairs, the two rings are coplanar (as drawn in XIXa). The 
H NO» NO. H 
| Hooc—<>-—<_ 
NO» H | H ON 
(identical ) 
(XIXa) (XIX6b) 


should be possible. Using the tetrahedral, valence- 
bond, and projection formulas, the first pair of enantio- 
morphs, exhibiting a mirror-image relationship to each 
other, is represented by XVIIIa (b and c) and XVIIIa’ 
(b’ and c’), and the second pair by XVIIId (e and f) 
and XVIIId’ (e’ and f’). 

It is to be noted that on looking down on ‘“‘top of” 
the molecule, XVIIIa, that there is a clockwise rela- 
tionship between the groups A, B, and C, taken in that 
order; similarly, looking up at the “bottom of” 
XVIIla, there is a counterclockwise relationship exist- 
ing between the groups D, E, and F. These clockwise 
or counterclockwise relationships are exactly opposite 
in the enantiomorphic partner, XVIIIa’. Similar 
relationships are seen to exist between the second pair 
of enantiomorphs, XVIIId and d’. 

Enantiomorphism without Asymmetric Carbon Atoms. 
The basic requirement for enantiomorphism is that the 


*s For the more complicated cases, e. g., those compounds which 
contain three asymmetric carbon atoms, two of which are the 
same, etc., see SCHRINER, R. L., et al., ref. 19, pp. 234-40. 


molecule possesses a plane of symmetry when the two 
rings are coplanar, and therefore no enantiomorphism 
is possible.?° 

A molecule such as XXa, however, possesses such 


NO, NO, NO: COOH 
HOOC O.N 
COOH (not identical) COOH 
(XXa) (XXb) 


24For an extensive treatment of such compounds, see 
Suriner, R. L., et al., ref. 19, pp. 336-82. See also WHELAND, 
G. W., ref. 5, pp. 198-217. 

25 In all other spatial positions except the coplanar position, 
the molecule does not possess a plane of symmetry and is op- 
tically active. As explained previously, however, the overall 
activity of an appreciable namber of molecules is zero because of a 
statistical balance between equal numbers of dextro and levo 
molecules. 
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bulky ortho groups that a coplanar position is not pos- 
sible, 7. e., complete rotation cannot occur but only 
rotation-oscillation. There are two possibilities for 
rotation-oscillation. If ring A is represented in the 
plane of the paper, the nitro group in ring B can be 
either above or below this plane. In XXa it is repre- 
sented as being below and in XXbas above. For every 
possible spatial position, during rotation-oscillation 
of XXa, a corresponding nonsuperimposable, mirror- 
image form is possible (and equally probable) in the 
molecule represented by XXb. Thus, XXa and XXb 
represent optically active, or enantiomorphic, modifi- 
cations. 


DIASTEREOISOMERISM 


Diastereoisomerism, like enantiomorphism, is a 
branch of optical isomerism (see chart in Part II). 
There are three types of diastereoisomers. As pre- 
viously described, a nonsuperimposable, mirror-image 
relationship exists between any two enantiomorphic 
molecules. However, when two (stereoisomeric) mole- 
cules are said to be diastereoisomers of one another, 
there is no such mirror-image relationship, although 
such molecules are also nonsuperimposable. 

Type (A). Meso-Compounds. Only those mole- 
cules that possess two or, more similar asymmetric 
carbon atoms are capable of possessing meso stereo- 
isomeric forms. Tartaric acid, for example, containing 
two similar asymmetric atoms, is capable of existing 
in three different spatial forms, as shown in XXI. . 


COOH 
H OH Ga H H 
~COOH COOH 
HO H OH 
COOH COOH COOH 
(a) d-tartaric (a’) (b) l-tartaric 


(XXI) 


Meso-tartaric acid, XXIc, is called a diastereoisomer 
of both d-tartaric acid and [-tartarie acid, and it dif- 
fers from them in both chemical and physical proper- 
ties. In XXIa, there is a clockwise relationship existing 
between the groups, H, OH, and COOH, taken in that 
order, in both of the tetrahedra (looking down at the 
top tetrahedron, and up at the bottom tetrahedron), 
while in XXIb (its enantiomorph) there is a counter- 
clockwise relationship. In meso-tartaric acid, XXIc, 
there exists a clockwise relationship in one-half and a 
counterclockwise relationship in the other. 

Classically, it was stated that meso-tartaric acid was 
optically inactive because of internal compensation, 
the activity of each half supposedly canceling out each 
other. It is true that in the position shown, XXIc, 
the molecule does possess a plane of symmetry and is 
therefore optically inactive (in certain directions with 
respect to polarized light). But, because of the free- 
dom of rotation, in every other position—except for one 
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where it possesses a point of symmetry”*—it is optic. 
ally active. As shown previously with other mole- 
cules, the optical activity of a “practical” sample of 
meso-tartaric acid is zero because of a statistical bal- 
ance between equal numbers of dextro and levo forms, 
In other words, the so-called internally compensated 
compounds are actually, to a great extent, externally 
compensated. 

Type (B). This includes those optical isomers that 
rotate the plane of polarization to a different degree in 
either the same direction or in an opposite direction, 
Referring to the molecules represented in XVIII, we 
can say that the relationship between a and a’, or be- 
tween d and d’, is enantiomorphic. The relationship 
between a and d or between a and d’, for example, is 
said to be diastereoisomeric. They are optical iso- 
mers of one another but they do not display a mirror- 
image relationship. 

Type (C). This includes certain types of ionic com- 
pounds (see chart in Part II). 


GEOMETRIC OR CIS-TRANS ISOMERISM” 


Only a few of the various types of geometric iso- 
mers will be considered here.* Although there is no 
difficulty in understanding geometric isomerism, there 
is, unfortunately, considerable difficulty in defining 
it. As a result, it is usually described as that type of 
stereoisomerism which is dependent upon some form 
of restricted rotation. This definition is fairly satis- 
factory in regard to the aliphatic compounds, but it isa 


COOH COOH 
OH 
H—;— 0H 
COOH COOH 
(b’) (c’) 


poor one when applied to certain cyclic compounds, for 
a number of reasons. Thus, it is too broad in its scope, 


(XXII) 


26 The molecule possesses a point of symmetry if the top half of 
the molecule in position XXIc is rotated through 180°, the point 
being located at the junction of the two tetrahedra. 

27 The term cis-trans is usually reserved for certain of the 
simpler types of stereoisomers, e. g., cis- and trans-dichloroethyl- 
ene. In the more complicated cases, e. g., XXII, the term 
obviously cannot have any meaning in regard to the molecule 
as a whole but only with reference to specific groups. 

28 For a thorough discussion, see Suriner, R. L., et al., ref. 19, 
pp. 444-87. 
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because restricted rotation can also bring about optical 
isomerism, €. g., in the biphenyl compounds. Sec- 
ondly, as pointed out by Wheland, although restricted 
rotation is present in the cyclic compounds, stereoisom- 
erism would still occur even if freedom of rotation 
were present.” 

Let us consider cyclohexane 1,4-dicarboxylic acid, 
for example, which exists in two spatially isomeric 
forms, as shown in XXIIla and XXIIIb. A “simple” 
rotation of the groups on C, would not (as commonly 

G 
’CH:—CH.” 
(a) cis 


(b) trans 

CH.—CH, 


C, 
/ \_ HOOC’ / 
H CH,———-—-CH; 
(c) 
(XXIII) 


HOOC 


described) convert a into b. The rotation would (if 
it were possible) give rise to c. Only if the groups 
attached to C. were at the same time turned inside out 
would the rotation convert a into b. This is certainly 
not what is usually meant by freedom of rotation. 

In the opinion of the writer, it would be more satis- 
factory to limit the meaning of the term geometric 
isomer, and to classify as geometric only those spatial 
isomers which cannot otherwise be classified as optical 
isomers. Stereoisomerism could then be divided into two 
nonoverlapping branches, (a) optical isomerism (en- 
compassing enantiomorphism and diastereoisomerism ) 
and (b) geometric isomerism, which would include all 
other spatial isomers. 

Admittedly, a “negative’’ classification such as this 
would mean including a fairly “heterogeneous” group 
of compounds, but it would, nevertheless, avoid un- 
necessary duplication. In practice, only those mole- 
cules which satisfied the following conditions would be 
classified as geometric: (1) The molecules must be 
capable of possessing different spatial arrangements of 
atoms. (2) They must not contain any asymmetric 
carbon atoms. (3) The molecules must not be asym- 
metric as a whole (i. e., if freedom of rotation is present, 
they must possess, at some time or other, a plane or 
point of symmetry). 

Condition (2) would exclude enantiomorphs con- 
taining dissimilar asymmetric atoms and also the meso 
compounds containing similar asymmetric atoms. 
Condition (3) would exclude all other enantiomorphs. 
Meso compounds would, therefore, always be classi- 


* See WHELAND, G. W., ref. 5, pp. 194-8 and 217-23. 
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fied as optical isomers and never as geometric (contrary 
to present-day practice in the case of the cyclic com- 
pounds, as will be shown). 

It should be remembered that although an appre- 
ciable number of molecules of a geometric isomer (by the 
above definition) do not display any overall optical 
activity, the majority of individual molecules often do 
display it. Thus, the methyl derivative of cis-di- 
chloroethylene, XXIV, for example, is theoretically 


Cl Cl 
C=C 
H CH; 
(XXIV) 


optically active most of the time during rotation of the 
methyl group (the molecule possesses a plane of sym- 
metry only in a few spatial positions). Once again, it 
is a question of statistical inactivity. 

It is, of course, always possible for different types of 
isomerism (optical, geometric, or structural) to be 
present in a molecule at the same time. The double 
bond in XXV, for example, is capable of giving rise to 
Cl Cl 

\ 
C=C xX 

c—Y 

Z 

(XXV) 
geometric isomerism. The propyl group, on the other 
hand, can give rise to structural isomerism, for it can 
either be normal or branched. The group —CXYZ 
causes optical isomerism. No matter how we define 
our terms, complicating factors such as these can al- 
ways occur. 


CYCLOPROPANE ISOMERISM 


The stereoisomerism exhibited by the cyclopropane 
molecule containing one or more different asymmetric 
carbon atoms is similar to that of the aliphatic com- 
pounds in that the number of stereoisomers can be cal- 
culated using the general formula, 2". A molecule of 
the type, XXVIa, containing one asymmetric carbon 
atom, possesses a nonsuperimposable image, XX VIb, 


x 
Y A 
x 
1 
B 4 Y B 
(a) (b) 
(XXVI) 


and is therefore capable of existing in two enantio- 
morphic forms. If two different asymmetric atoms are 


present, then four stereoisomers are possible. 
When two similar asymmetric atoms are present, 
three stereoisomers are possible. The meso form, 


A A A B | B A 
| 
B B B AlioaA 
| 
(a) meso (b) (c) 
(racemic pair) 
(XXVII) 


XXVIlIa, possesses a plane of symmetry and is op- 
tically inactive, like its aliphatic analogue. The pair 
of énantiomorphs is represented by XXVIIb and ec. 
Now, according to the usual definition, XXVIIa is 
said to be a geometric isomer of either b or c. This is 
somewhat illogical, for the meso forms in the aliphatic 
series are never called geometric. 

According to our restricted definition, the meso form 
would simply be a diastereoisomer of either b or c, the 
term geometric being omitted altogether. Admittedly, 
the term geometric was applied to such isomers be- 
cause in XX VIIa the groups, A and B, are on the same 
side of the molecule (which was therefore called the 
cis-isomer), while in } and c they are on opposite sides 
(the trans-modification giving rise to two enantio- 
morphic forms). The properties exhibited by a are, 
of course, different from those of b and c. However, 
this is true of all diastereoisomers. 


+ 
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Finally, let us consider a cyclobutane derivative of 
the type, XXVIII. By altering the way in which the 
groups are arranged above and below the plane, it ean 


A B 


A A B B 

A A A A A A A 
B B B B B B B A 

(a) (b) (c) (d) 

(XXVIII) 


be seen that only four isomers (XX VIIIa-d) are pos. 
sible. There are no asymmetric carbon atoms present 
in the molecule and, in addition, none of the molecules 
are asymmetric as a whole (they all possess a plane, or 
planes, of symmetry). All four isomers are, therefore, 
geometric. Similar reasoning can be applied to the 
more complicated molecules. 
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& 
SPECTROSCOPY 


Tur increasing use of the infrared spectrometer as an 
analytical tool makes it highly desirable for the grad- 
uate chemistry student to become familiar with this 
instrument. Accordingly we have introduced an ex- 
periment in infrared spectroscopy as part of a graduate 
course in instrumental analysis. Since extensive ex- 


perience is required before one can really master the 
use of the instrument, we have tried only to give the 
student some idea of the problems which can be solved 
by infrared spectroscopy and the general experimental 
methods which are used. The two problems which we 
have chosen are the qualitative identification of char- 
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acteristic structural features of molecules and the quan- 
titative analysis of a binary mixture. 


OPERATION 


The first laboratory period is spent largely in famil- 
iarizing the students with the operation of our own par- 
ticular instrument, a Perkin-Elmer model 12-C. Since 
the instruction manual is not able to keep pace with the 
changes in instrument design, it has proved easiest for 
an experienced spectroscopist personally to instruct 
the students in groups of three and four. This pro- 
vides an opportunity to stress the careful handling of 
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the rock salt windows and cells and to include sugges- 
tions on the easiest ways of filling cells and handling 
samples. Usually the covers are removed from the 
spectrometer and the students are given the opportunity 
to see the optical system. After the instruction period 
the students are allowed to operate the instrument 
themselves under rather close supervision. Usually a 
sample is not used in this practice period, but the back- 
ground spectrum of atmospheric absorption superim- 
posed on the curve of source intensity is run. This 
acquaints the students with the spectral regions in 
which the background spectrum is particularly im- 
portant and emphasizes the fact that this background 
cannot be ignored in infrared spectroscopy. The stu- 
dents are encouraged to experiment and see for them- 
selves the effect on the spectrum when slit width and 
amplifier gain are varied. 


DETERMINATION OF SPECTRA 


The second laboratory period is devoted to the de- 
termination of the spectra of pure compounds and the 
interpretation of these spectra. Each pair of students 
isassigned two different compounds which comprise the 
binary mixture which they will analyze later. In 
selecting these, several criteria are set up: 


1. The pure compounds should be readily available. 

2. They should contain a variety of structural features which 
are discernible from their spectra. 

3. The spectra of the compounds should be available in the 
literature for reference. 

4. Each binary mixture should not be capable of easy analysis 
by a simpler method; in other words, the analytical 
problem given to the student should be a practical one. 

5. For convenience, the compounds should be liquids. 


Suitable pairs of liquids are benzene and _ toluene, 
cyclohexane and methyl cyclohexane, pairs of the 
isomeric butyl alcohols, benzene, and thiophene, and of 
course many others. 

The spectrum of each pure compound is determined 
over the range from 2 to 15 yw. Suitable instrument 
settings and cell thicknesses are found by the process of 
trial and error. For substances such as hydrocarbons 
that do not exhibit intense absorption a cell thickness of 
0.1 mm. is usually satisfactory. For other substances, 
such as alcohols, whose absorption is more intense 
a cell thickness of 0.025 mm. is generally appropriate. 
As an alternative procedure these latter substances may 
be diluted with carbon tetrachloride or carbon disul- 
fide. However, if the spectra of two or more compounds 
are to be run under identical conditions in order to 
serve as a basis for working out a quantitative analysis, 
this dilution step introduces an extra manipulation 
which can be a source of error, particularly in the hands 
of an inexperienced student. 

When satisfactory results have been obtained for the 
two samples and for the background, the student then 
examines the spectra in an attempt to correlate absorp- 
tion frequencies with the structures of the samples. In 
order to do this the spectra obtained from an ordinary 
single-beam instrument must be replotted. First it is 
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necessary to take the spectrum of a sample and the 
background spectrum and superimpose them on a light 
box. The ratio between the transmission of the 
sample and that of the background at the same wave 
length is calculated, and the ratios so obtained are 
plotted against wave length. For an instrument such 
as the Perkin-Elmer where the wave-length scale is 
not linear, a calibration chart must be used to convert 
wave-length dial readings to wave length. A fairly 
satisfactory spectrum may be obtained by accurately 
calculating ratios only at the transmission maxima 
and minima and then completing the plot by sketching 
in the bands. Even this type of plotting is a laborious 
task for an inexperienced student, and therefore we 
have found it advisable to eliminate some of this work 
by plotting only part of the spectrum—for instance 
from 2.5 to 10 yu. It may be argued that it is unneces- 
sary to replot a spectrum in order to interpret it, but 
we feel that the student gains much by this experience. 
He becomes acquainted with the process which is neces- 
sary for preparing a spectrum suitable for publication. 
He is made aware of the different ways in which a spec- 
trum may be plotted and realizes the deplorable lack of 
uniformity among spectra reported in the literature. 
He is able to compare the spectrum he has obtained with 
those reported in the literature and check on the ac- 
curacy of his work. 

When the student has obtained a satisfactory re- 
plotted spectrum he is then referred to the literature 
(1, 2, 3, 4) for correlations of absorption frequency and 
structure. We usually attempt to characterize the 
strong bands between 2.5 and 7.5 u, and only in cases 
where the student is particularly interested do we at- 
tempt to characterize bands at longer wave lengths. 


ANALYSIS OF MIXTURE 


From one and one-half to two laboratory periods 
are devoted to the preparation of a working curve and 
the analysis of a binary mixture. Before the student 
begins work on a mixture he is required to read certain 
articles in the literature designed to acquaint him with 
the techniques involved and the errors which may oc- 
cur. We assign the section on quantitative analysis 
in the Perkin-Elmer instruction manual (5) and the 
first of Robinson’s papers on quantitative analysis 
(6). We make the assumption that a graduate student 
is already familiar with Beer’s law and the fundamental 
principles of spectrophotometric analysis. In cases 
where the student’s background is known to be inade- 
quate, he is urged to review the material in any stand- 
ard physical chemistry text and laboratory manual. 

When the student has a reasonable grasp of quantita- 
tive methods of infrared spectroscopy he is then ready 
to turn to his own particular problem.. We have the 
students work in pairs because of the limitations of 
time and equipment. As mentioned previously each 
pair of students will have determined the spectra of the 
components of their binary mixture. These spectra 
(the originals—not the replotted ones) are compared in 
order to select absorption bands suitable for analysis. 
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For the pairs of compounds which were listed earlier it 
is usually possible to find one strong band for each com- 
ponent at a wave length where the other component 
shows but little absorption. 

The method of analysis which has been most suc- 
cessful in our case involves the preparation of a working 
curve in which the absorbence of a mixture is plotted 
as a function of the percentage of one of the components 
in the mixture. To construct this working curve three 
or four synthetic mixtures are prepared by combining 
accurately weighed amounts of the pure components. 
We cover the entire range of concentration by preparing 
mixtures containing 25, 50, and 75 per cent or 20, 40, 
60, and 80 per cent of the compound to be determined. 
Keeping in mind the material he has read about errors 
in measurement and the effect of slit width, the student 
then determines the instrument settings which will 
yield satisfactory analytical results. There are two 
ways in which this may be done, and both will be dis- 
cussed here. Each method involves measurement of 
a zero transmission, a 100 per cent transmission, and 
measurement of the transmission of the mixture. 

Measurements Made by Using the Recorder. The 
zero setting is made first, and then with the least ab- 
sorbing component in the cell several short scans are 
made of the region where the analysis is to be made, 
varying the amplifier gain and slit width until a trans- 
mission of approximately 100 per cent is obtained. 
Once the proper settings are found these values are 
recorded so that all subsequent measurements may be 
made under exactly the same conditions. The 100 per 
cent trace made under these conditions is saved for use 
in calculating J, values later. Using the instrument 
settings determined above, short scans are made of each 
of the synthetic mixtures. The minimum transmission 
values (the peaks of the absorption bands) on each of 
the scans made on the mixture are used as J values. 
I, values are obtained at the same wave length from 
the 100 per cent trace made earlier. The working 
curve is then constructed by plotting values of long 
I,/I versus percentage of one of the components in the 
mixture. 

Measurements Made by Using the Densitometer. In 
this method the zero setting is first made, and then with 
the least absorbing component in the cell and the wave- 
length dial set at the exact wave length to be used, the 
100 per cent adjustment is made by varying the slit 
width and densitometer controls. (The student should 
realize that this wave-length dial setting may not be 
exactly the same as that indicated by the recorded 
spectrum because of the finite time required for the 
recorder response.) With the densitometer controls, 
slit width, and wave-length dial at exactly the correct 
settings, the absorbencies (optical densities) for each 
of the synthetic mixtures are read directly from the den- 
sitometer. The working curve is constructed by plot- 
ting these absorbencies against the percentage of one of 
the components in the mixture. In our experience, 
when the absorption bands used in the analysis are 
quite sharp it is best to check the wave-length dial 
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setting very carefully to make sure that it is actually on 
the peak of the band. This is particularly important 
when the original wave-length setting has been made 
using a fairly concentrated solution giving relatively 
broad bands, and subsequent measurements are to be 
made on more dilute solutions giving sharper bands, 


DISCUSSION 


We have found that the average graduate student in 
his first attempt at using the infrared spectrometer for 
analysis does not obtain particularly reproducible or 
accurate results. The working curves plotted by our 
students usually obey Beer’s law within experimental] 
error; however, this error may be from 0.05 to 0.10 
absorbency units. The results obtained using the re- 
corder are usually more reproducible than those made 
using the densitometer. In the last analysis the ac- 
curacy of the results seems to be largely a function of 
the amount of time spent in repetition of the measure- 
ments. Whether or not the student actually analyzes 
an unknown mixture is left to the discretion of the in- 
structor. In certain cases it may be felt that analysis 
of an unknown adds to the student’s interest in the 
experiment; in other cases because of limitation of 
time this may be omitted. If the entire range of 
composition from 0 to 100 per cent is covered the stu- 
dent can probably not be expected to come closer than 
+ 5 per cent in the analysis of a mixture. 

The results of this work have been most satisfactory 
to the students and to the instructor. In spite of the 
fact that the results of the analysis are not highly ac- 
curate, they are sufficiently good so that the student 
feels that the experiment has not been a failure. Us- 
ually the sources of error are quite obvious to the stu- 
dent even before they are pointed out by the instructor. 

Originally we had certain misgivings about allowing 
so many students to use an instrument as delicate as an 
infrared spectrometer. We were particularly concerned 
about possible damage to sample cells valued at ap- 
proximately $90. We have had absolutely no trouble 
resulting from careless handling of the equipment 
other than occasional difficulties with the string on the 
automatic slit drive. Fortunately, this trouble is 
easily corrected by anyone who has had a little exper- 
ience in using the instrument. Actually, teaching the 
use of the spectrometer as a part of a course taken by 
most of the graduate students will probably avoid 
damage to the instrument which might result when 
graduate student, eager to obtain results bearing on 
his own research problem, does not take sufficient time 
to learn to use the equipment properly. 
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* AN INEXPENSIVE, EASILY CONSTRUCTED 
SPECTROPHOTOMETER' 


Manvatiy operated spectrophotometers that are 
commercially available, and usable in the range of the 
visible spectrum, vary in price from approximately 
$400 to $1300. In certain of these instruments the 
monochromator is a diffraction grating, and the result- 
ing spectral dispersion is linear throughout the wave- 
length range covered. Other spectrophotometers have 
quartz or glass prisms as spectral dispersing elements. 
Considered by some to be a disadvantage is the fact 
that prismatic dispersion is nonlinear. 

In recent years interference filters have been de- 
veloped for use in filter photometers and other optical 
instruments. Unlike glass or gelatin absorption filters 
which contain dissolved or suspended coloring agents, 
most of these newer filters isolate narrow spectral bands 
through interference of light waves reflected from two 
partially transparent, parallel, metallic layers separated 
by a thin spacer layer of transparent material. This 
principle underlies the operation of the Fabry-Perot 
interferometer. 

In Figure 1 the construction of a typical transmission- 
type interference filter is shown. Two semitrans- 
parent silver films are separated an extremely short 
distance by a spacer layer of low refractive index 
material, in this case, magnesium fluoride. In prac- 
tice, cover glasses are added for protection. 

Consider now the light ray at the lower ieft striking 
the first silver film. Part of this ray is transmitted 
through both the metallic layer and the magnesium 
fluoride layer to the second silver film. Here, part 
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of the light ray is transmitted as shown, and part is 
reflected back to the first metallic layer. A part of 
this backward-reflected light is reflected forward again, 
and so on. Assuming that the incident light is mono- 
chromatic, the magnesium fluoride layer is represented 
as having a thickness of one-half a wave length. Thus, 
during each double reflection a light ray travels twice 
this distance, so that successive emergent rays are one 
wave length apart and reinforce one another. With 
heterogeneous white light as the incident beam, 
the various component wave lengths will have different 
path lengths and differ in phase to different extents, so 
that rays of some wave lengths will be almost extin- 
guished while rays of other wave lengths will show max- 
imum transmission. 

In the interest of accuracy it should be pointed out 
that this drawing of an incident light ray at a slight 
angle from the perpendicular is done merely for illus- 
trative purposes. When this ray is normal to the first 
surface, all lines shown merge into one and the parts 
passing the second metallic film become components of a 
single ray. However, with white light these components 
differ in phase and the resulting color of the transmitted 
light is determined by the thickness of the magnesium 
fluoride layer. Interference filters of this sort are avail- 
able to cover a spectral range from about 400 to 900 mu. 

Recently from the Bausch & Lomb Optical Company 
experimental wedge interference filters have been made 
available (1). In these, the transparent spacer ma- 
terial is made in the form of a linear wedge, that is, 
the thickness of the spacer layer varies uniformly from 
one end to the other. Thus from one end to the other, 
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Accordingly, we wish to 


CONDENSING 
aeiee emphasize that our primary 
aim here was to devise g 
simple assemblage of easily 
available low-cost items—{o 
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Figure 2. Top View of Spectrophot 
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each portion of the filter isolates a different spectral 
band and a linearly dispersed spectrum is produced. 
(The development of wedge interference filters has been 
reported by the Swiss firm of Geraetebau-Anstalt 
Balzers (2). However, these filters are not yet in 
commercial production (3).) 

A few of the properties of a typical wedge inter- 
ference filter are given in Table 1. Although the 
manufacturer states that the spectral range covered 
is from 400 to 700 my, it is a second-order spectrum and 


TABLE 1 
B. & L. Wedge Interference Filter 


3 inch X 1 inch X !/3 inch 


Filter dimensions 


Spectrum range 400 to 700 mz 
Spectrum order 2nd + 

Average dispersion 5.5 mp per mm. 
Peak transmittance 25 to 35% 


Spectral band pass 


for 1 mm. slit 10 my (approx. ) 


there is overlapping with third-order colors above 
600 mu. Interference from these higher-order wave 
lengths may be reduced by employing conventional 
cut-off filters in conjunction with the wedge filter (2, 4). 
Experimentally, with the first wedge filter tried in our 
spectrophotometer we found very nearly the same 
dispersion noted in Table 1. Other wedge interference 
filters examined by the authors had slightly different 
average dispersion values. According to a recent an- 
nouncement (5) the $1800 Weichselbaum-Varney flame 
photometer has as its monochromator one of these 
Fabry-Perot-type interference filters. 

In the authors’ analytical instrumentation course the 
students build “breadboard” assemblies of a polaro- 
graph, an electron-ray tube titrimeter, and so on. 


LAMP furnish a simple, practical 
l spectrophotometer for in- 
| structional purposes. The 
result is not necessarily the 
| best arrangement for re 
search or industrial use. 
7 — For these reasons also, no 
S) attempt is made to give 
detailed dimensions except 
to indicate the scale of the 
drawings. Much can be 
left to the ingenuity of the 
HH builder—much will depend 
on the component parts he 
has available or wishes to 

use. 
As seen in a top view in 
Figure 2, the framework of 
the spectrophotometer is 
a wooden box. The light 
source is an automobile-type lamp, actually from 
a microscope illuminator. Recently we have used 
a higher wattage bulb (G-E No. 1493, 6.5 v., 2.75 amp.) 
since the interference filter is quite dense optically at 
the violet end. The user will have to decide whether 
he needs a storage battery or constant-voltage trans- 
former input. In our case, because of small load vari- 
ations in our power lines, an ordinary step-down 
transformer of the doorbell variety often proved ade- 

quate for preliminary runs. 

Two plano-convex lenses from old flashlights serve as 
the condensing lens system to bring the light to a focus 
approximately in the plane of the slit. Similar lenses 
are available commercially at low cost (6). One may 
note the absence of a collimating lens system to render 
the light rays approximately parallel before passage 
through the filter. If this were included, in most in- 
stances the light flux passing the filter would be too low 
to operate a barrier-layer or photovoltaic cell satis- 
factorily, so that a photoemission tube and amplifier 
would be required. Further, no great error seems to 
be introduced through the absence of a collimator. 
Although strongly convergent beams should not be 
used, it has been estimated that unless angles of inci- 
dence of light impinging on the filter are greater than 
20° from the normal, the shift in wave length will not 
be more than 2 to 3 my for such inclined beams (7). 

The metal slide bearing the filter is driven back and 
forth by the screw arrangement shown. Just behind 
the filter and almost touching it is a slit which is con- 
structed from two parallel metal strips mounted on the 
face of a plastic bottle cap through which a hole 1s 
drilled. The two metal strips are adjustable to give 4 
number of possible fixed slit widths. Finally, behind 
the cell carriage on the rear wall of the box is mounted 
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a radiant-energy receptor which in this sketch is a 
parrier-layer photocell (8). 

Asectional view through A-A of Figure 2 is given in 
Figure 3 to show the mounting of the wedge interference 
filter. A rectangular slot is cut in the face of a metal 
plate and the filter is simply held against it with spring 
dips. A pointer is soldered to the metal slide so as to 
move with it, and along a millimeter scale mounted on 
the top of the light-tight enclosing box. The entire 
interior of the box, together with the various mountings, 
is painted flat black to minimize stray light reflections. 
The sectional view on B-B (Figure 3) shows the wooden 
cell carriage, drilled to hold 1-cm. cylindrical cuvettes, 
and movable so as to interpose first one and then the 
other cell in the light’ beam. 

The accompanying photograph helps to visualize the 
assembly. An idea of over-all size can be gained by 
noting the 100-mm. scale on the top section of the box. 
The two variable resistors at the lower left are galva- 
nometer shunts. 

For the most accurate wave-length calibration of the 
millimeter scale a primary standard such as the spectral 
lines from a mercury are probably should be used. 


TABLE 2 
Wave-Length Calibration and Dispersion Data 
Wave length of 


absorption 
maxima, mp 


Scale reading, mm. Dispersion, mu/mm. 


55.0 441 
5.75 

61.0 475 
5.60 

70.5 529 
5 63 

80.5 585 
Weighted average 5.64 


Too, the Bureau of Standards considers the use of a 
didymium glass reference inferior from.the standpoint 
of time, convenience, and so on, to the di- 

rect use of line sources (9). 
lacking a primary standard of this sort, 
a didymium glass filter is an excellent and 
readily available secondary wave-length 
standard. The Corning No. 5120 glass is 
the most suitable for this purpose. This 
glass contains the rare earth ions praseo- 
dymium and neodymium, both of which 
exhibit strong and narrow absorption 
bands in the visible spectrum. The cali- 
bration procedure is quite simple. The 
exit slit is set to a fairly narrow opening, 
say 1 mm., and the transmittance of the 
filter is measured against an air standard 
at wave lengths in the vicinity of the 
known absorption maxima and minima. 
Typical dispersion data are recorded in 
Table 2. The scale readings in the first 
column are those at which absorption 
maxima were observed. The wave lengths 
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Figure 3. Sectional Views Through A-A and B-B of Figure 2 


of these maxima in the second column are those re- 
ported by the Bureau of Standards (9). From the 
average dispersion (a weighted value, taking into ac- 
count the linear distance between absorption maxima) 
a table was constructed relating scale readings in milli- 
meters to wave lengthsin millimicrons. Thus far, using 


these calibration data, the wave-length readings on 
various substances have checked previously determined 


Figure 4. Complete Spectrophotometer Showing Arrangement of Light Source, Lens 
System, Interference Filter, Cell Carriage, Photocell, and Top Sections Bearing the 
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values to better than 2 my. Newer wedge filters ex- 
amined have slightly higher average dispersion values 
but the linearity of dispersion, in general, is as good as 
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that shown in Table 2. Of course, each wedge must be 
individually calibrated by the user. 

Most of the measurements described were made with 
a barrier-layer photocell connected directly to a shunted 
Rubicon spotlight galvanometer whose sensitivity was 
0.008 pamp./mm. Two variable resistors, of 5000 
and 500 ohms resistance, were used for adjusting the 
galvanometer to 100 per cent transmittance with the 
reference substance in the light beam (Figure 5a). It 
is recognized that not all laboratories will have such a 
sensitive galvanometer available exclusively for this 
use. Thus a circuit of the sort shown in Figure 5b will 
be helpful since it requires only standard components, 
Resistance R, corresponds to the meter and shunt of 
Figure 5a. By means of a simple pointer galvanom- 
eter the voltage drop across R, is balanced against 
that across R.-R; at the right. The whole righthand 
portion of the circuit will be recognized as the usual 
student potentiometer set-up found in all physical chem- 
istry and physics laboratories. Transmittancy readings 
are taken directly from the slidewire scale. For other 
circuits, including those in which photoemission tubes 
with a simple amplifier are used, the reader is referred 
to standard works on the subject (10). Multiplier 
phototubes were not considered here because they 
require a rather complex voltage supply. 

Although the calibration data obtained with the 
didymium filter best show the high resolving power of 
the wedge-slit combination, the transmittancy-wave 
length curve from which the data were obtained is not 
reproduced here because its appearance is familiar to 
many. As one graphical example of results, however, 
consider Figure 6. Here are plotted the transmittancy- 
wave-length characteristics of a permanganate ion 
solution as determined with three spectrophotometers. 
(The transmittancy values are only relative since the 
curves have been deliberately spaced as an aid to com- 
parison.) The curve at the top was obtained with a 
diffraction grating Coleman Model 6 spectrophotometer 
whose spectral band pass is fixed at 35 my. Only a 
smooth curve is the result. The lowest curve was ob- 
tained using a Beckman Model DU instrument, s0 
adjusted that its band width would approximate that 
on our instrument. It shows the characteristic fine 
structure of the permanganate ion absorption spectrum. 

Lying between these two curves is one plotted from 
data read on our wedge-interference-filter spectro- 
photometer. That the resolution is high is clearly 
revealed from the fine structure it too shows. Note 
also the close coincidence with wave-length values for 
corresponding maxima and minima in the Beckman 
curve. (The larger number of plotted points here arises 
from the intervals at which the millimeter scale may be 
most easily read.) 

As noted very early in this discussion, the primary 
aim was to devise a simple apparatus having some 
distinct pedagogical values. For those who are it- 
terested, we are sure many apparatus refinements cal 
be made to produce an instrument that will be more 
than satisfactory for routine industrial or research use. 
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e RECLAIMING SILVER FROM SILVER CHLORIDE RESIDUES 


Iv MANY universities budget considerations make it 
desirable to have available a simple and economical 
method for the reclaiming of silver from silver chloride 
precipitates in the quantitative analysis course. In 
some cases three or four analyses requiring the use of 
silver nitrate are run by each student, and often the 
cost of this reagent alone exceeds the income provided 
by student fees. A convenient method for accomplish- 
ing the conversion of silver chloride to silver is proposed 
which takes advantage of the fact that silver oxide is less 
soluble in concentrated base than is silver chloride. 

The solubility product constants fer silver chloride 
and silver hydroxide are 1.0 X 10~'° and 1.0 X 107°, 
respectively. From this it follows that the concen- 
tration of silver ion in equilibrium with a precipitate 
of silver oxide in a solution five molar in hydroxyl 
ion is 2.0 X 10-* mols/liter, while the concentration 
furnished by a precipitate of silver chloride in the same 
solution is 1.0 X 10-5 mols/liter. Hence under these 
conditions silver chloride furnishes 5000 times the 
silver ion concentration required for precipitation of 
silver oxide, and this reaction can be used to con- 
vert silver chloride to silver oxide. 


AgCl + OH~ —~ AgOH + Cl- 
2 AgOH — Ag.O + H:O (spontaneous) 


Student precipitates collected in the laboratory are 
filtered, washed with dilute nitric acid, and transferred 
to a large beaker where they are covered with about 
three times their apparent volume of five-molar sodium 
hydroxide. The mixture is boiled for 15 minutes with 


stirring to break up clumps of silver chloride, filtered, 
and washed with tenth-molar sodium hydroxide. 


The 
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resulting residue is treated again as above and then 
transferred to a crucible or casserole and ignited at 
500°C. for 15 minutes, converting the silver oxide to 
metallic silver. After cooling, the spongy solid is 
washed several times in the crucible with concentrated 
ammonium hydroxide to remove traces of silver chloride 
which were not converted, and then heated until the 
silver melts. A large Biichner funnel is convenient for 
the filtrations and a muffle furnace is desirable but not 
necessary for the ignitions. 

The purity of silver obtained in this manner is pri- 
marily dependent upon the purity of the silver chloride 
used as starting material. In one case where specially 
prepared silver chloride was used, the silver obtained 
was 99.2 per cent pure. In most cases silver obtained 
from student precipitates is in excess of 96 per cent 
pure, the principal impurities being silver chloride and 
sodium hydroxide. By dissolving in nitric acid, filtering 
to remove traces of silver chloride, and diluting, an 
acceptable reagent is had for the determination of 
chloride gravimetrically or, if standardized, volumet- 
rically. 

This method may also be used with equally satis- 
factory results on the chromate and thiocyanate of 
silver or on mixtures of the chloride, chromate, and 
thiocyanate. 

Due to the explosive nature of silver ammino com- 
pounds, homogeneous precipitation from ammoniacal 
solution is not practical. 

It should be pointed out that other methods of effect- 
ing this conversion exist. Among those used are elec- 
trolysis, fusions with sodium hydroxide and sodium 
carbonate, and procedures involving organic reductants. 
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'T we relative freedom from distractions in a small and 
somewhat isolated university can be reflected in the 
volume and excellence of the research and literary out- 
put of the faculty. A good case in point is the record of 
Gerhart Jander, who for 16 years headed the chemistry 
department at Greifswald, a small Pomeranian city in 
Northern Prussia. 

He was born on October 26, 1892 in Alt-Débern 
(Lausitz) where his father was headmaster in the 
teacher’s training school. His university work in nat- 
ural science and chemistry was taken in Munich and 
then Berlin, where his doctorate was conferred in 1917. 
His dissertation was based on a laboratory study of 
telluric acids. Dr. Jander served as assistant, Privat- 
dozent, and extraordinary professor at Berlin and 
Gottingen and then was attached to the Kaiser Wilhelm 
Institut fiir physikalische Chemie in Berlin-Dahlem. 
Between 1935 and 1951 he was director of the Chem- 
isches Institut of the University at Griefwald, and in 
1951 he became director of the Anorganisch-Chemisches 
Institut of the Technical University at Berlin-Charlot- 
tenburg. 

His research activities have been many and varied. 
Through the influence of his doctorate mentor, A. 
Rosenheim, the years immediately following his at- 
tainment of this degree were devoted to the study of 
iso- and heteropoly acids and isopoly bases. By em- 
ploying a variety of chemical and physicochemical pro- 
cedures, such as diffusion measurements, conducto- 
metric, potentiometric, and thermometric titrations, de- 
termination of light absorption, along with preparative 
and analytical studies, he, assisted by numerous collab- 
orators, opened up entirely new viewpoints in this 
complicated field of research. By virtue of his funda- 
mental explorations, much light was shed particularly 
on the molecular size of the individual representatives 
of this class of materials in aqueous solution and on 
their genetic relationships to each other. 

Closely connected with the foregoing were the ex- 
perimental studies of diffusion and dialysis as means for 
investigating the state cf dissolved materials. The in- 
vestigation of these methods dealt, for example, with 
the basic problem as to the conditions under which the 
diffusion coefficients of dissolved substances, molecules 
as well as ions, ca be ca!!ed upon with regard to molec- 
ular weight determination. Studies along this line are 
still being made in Jander’s laboratory. 

In another direction, considerable attention has been 
given to problems of analytical chemistry. In par- 
ticular, conductometric titrimetric procedures have been 
developed. The design of special apparatus and sensi- 
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tive instruments has enabled him to extend the applica- 
tion of this method to the determination of smaller and 
smaller amounts of materials in the presence of a rela- 
tively large quantity of foreign electrolytes which ordi- 
narily interfere, and of electrolytes in “nonaqueous” 
solvents, and to cases that hitherto had barely been 
considered. Without the development and mastery of 
conductometric measurement procedures, it would 
hardly have been possible to have carried out the studies 
in nonaqueous or water-similar solvents, a field of re- 
search in which Professor Jander has specialized for 
.Many years. 

Almost without interruption since about 1935, he and 
his advanced students have been dealing with the 
chemical and physicochemical behavior of materials 
when dissolved in nonaqueous but water-similar sol- 
vents. These liquids, like pure water, hardly conduct 
any electric current, whereas their solutions of many 
inorganic and organic compounds are fairly conductive. 
Jander has compared the chemistry of such water- 
similar solvents (e. g., HCN, HNO;, SO0,, 
(CH;CO).O, Ix, etc.) with each other and with water. 
Much information of great theoretical importance has 
resulted, and likewise usable procedures for preparative 
chemistry. The most remarkable findings have led 
him recently to extend his studies to the behavior of 
materials dissolved in fused salts such as HgBre, SbBr;, 
AIBrs, 7. e., to melts of salts which conduct but slightly 
when pure. Surprising analogies have been found 
here also. 

The results of the extensive and multifarious re 
searches carried out by him and under his guidance have 
been published in the well-known German journals. 
In addition, Professor Jander has issued accounts of 
certain areas of his studies in book form. The follow- 
ing compilation contains also the textbooks and labora- 
tory manuals which he has composed for the use of 
chemistry students: 


“Kurzes Lehrbuch der anorganischen Chemie,’ G. JANDER AND 
H. Spanpavu, 5th ed., Berlin, 1952. 

“Lehrbuch der analytischen und praparativen analytischen 
Chemie,”’ G. JANDER AND H. Wenpt, Leipzig and Stuttgart, 
1952. 

“Einfiihrung in das anorganisch-chemische Praktikum (einschl. 
der quantitativen Analyse),’”’ G. JANDER AND H. WENDT, 2nd 
ed., Leipzig, 1951. 

“Massanalyse. Theorie und Praxis der klassischen und elektro- 
chemischen Titrierverfahren,” G. JANDER AND K. F. Jaur, 6th 
ed., Berlin, 1952. 

“Membranfilter, Cella- und Ultrafeinfilter,” G. JaNpER AND J. 
ZakowskI, Leipzig, 1929. 

“Schwebstoffe in Gasen (Aerosole),’’? A. WINKEL AND G. JANDER, 
Stuttgart, 1934. 
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‘Mie konduktometrische Massanalyse und andere Anwendungen 
der Leitfaihigkeitsmessung auf chemische Probleme,” G. JAN- 
pER AND O. Prunpt, 3rd ed., Stuttgart, 1945. 

“Handbuch der analytischen Chemie” (in about 30 volumes with 
collaboration of numerous eminent colleagues), edited by R. 
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FREsENIus AND G. JANDER. Published since 1942. Ten par- 
tial volumes with a total of about 4000 pages have appeared 
thus far. 

“Die Chemie in nichtwissrigen, aber ‘‘wasserihnlichen’”’ Lésungs- 
mitteln,” monograph, Berlin and Heidelberg, 1949, 370 pp. 


a THE SEPARATION OF CALCIUM AND STRONTIUM IN SEMIMICRO 


QUALITATIVE ANALYSIS 


Tue cations of Group IV in qualitative analysis in- 
dude the barium, strontium, and calcium ions. In all 
procedures barium is separated first by precipitation as 
barium chromate in an acetic acid solution. No diffi- 
culty is encountered usually in this step. The following 
step involving the separation of strontium and calcium 
is the troublesome one. 

Current methods for the separation of strontium 
from calcium usually give mediocre results in the hands 
of the beginning student. These methods include 
precipitation as chromate in alcohol-water solution, 
precipitation as sulfate and precipitation as ferrocya- 
nide. Methods using anhydrous solvents, as butyl 
cellosolve or acetone, to dissolve calcium nitrate are 
likewise unsatisfactory in the hands of students. 

A method which gives an excellent separation of cal- 
cium and strontium was devised by Willard and Good- 
speed.1. This involves the precipitation of strontium 
nitrate in 80 per cent nitric acid solution. By this 
method the above authors were able to separate quan- 
titatively strontium from calcium. The only drawback 
encountered in this method is the use of 100 per cent 
(fuming) nitric acid which is somewhat hazardous. 
This difficulty can be overcome by the use of ordinary 
12 per cent (concentrated) nitric acid. The method is 
no longer quantitative with acid of this concentration, 
but an excellent qualitative separation is achieved. 
The loss of strontium amounts only to a few tenths of 
milligram which is insignificant in qualitative analy- 
ss. The following procedure is suggested: 

A. Precipitation of Group IV and the Separation of 
Barium. This is carried out in the usual manner: 
BaCO;, SrCOs, and CaCO; are precipitated by the ad- 
dition of ammonium carbonate. This precipitate is 
dissolved in acetic acid and barium chromate precipi- 
tated by the addition of potassium chromate. 

B. Reprecipitation of CaCO; and SrCO;. The so- 
lution from the separation of barium is rendered basic 
by the addition of ammonium hydroxide. Ammonium 
tarbonate is added, the solution is warmed and centri- 
fuged. The supernatant liquid is discarded and the 


—™ H. H., anp E. W. GoopspEep, Anal. Chem., 8, 414 
). 
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precipitate is washed two times with hot water. These 
washings are discarded. 

C. Separation of Calcium and Strontium. The 
precipitate of CaCO; and SrCO; (free of liquid) in the 
tube is dissolved by the cautious, dropwise addition of 
72 per cent (concentrated) nitric acid. After efferves- 
cence has ceased, an additional 5 ml. of concentrated ni- 
tric acid is added. The mixture is stirred vigorously 
for a minute or two, then the tube is placed in a beaker 
containing cold water and allowed to stand for 10 min- 
utes with occasional stirring. (Caution, do not allow 
any water to get into the tube. This will dilute the 
acid and render the Sr(NOs)2 precipitate soluble.) 
The mixture is centrifuged and the supernatant liquid 
decanted into a beaker containing 20 ml. of water. 
This solution is saved for the calcium test. The pre- 
cipitate is stirred up with 1 ml. of 72 per cent nitric 
acid, the mixture centrifuged, and the liquid discarded. 

D. Identification of Strontium. The precipitate, 
Sr (NOs)s, is dissolved in 3 ml. of hot water. A flame 
test is made on this solution (Sr = crimson). If bar- 
ium were incompletely separated it would also be pre- 
cipitated as an insoluble nitrate. Five drops of 1 M 
ammonium sulfate is added to the solution and the mix- 
ture heated to boiling. The formation of a white floc- 
culent precipitate of SrSO, confirms the presence of 
strontium. ~ 

E. Identification of Calcium. Concentrated (15 M) 
ammonium hydroxide is added cautiously to the dilute 
nitric acid solution from the stontium separation un- 
til the solution is basic (litmus test). Two ml. of 
saturated (0.25 M) ammonium oxalate are added to 
this basic solution. A finely divided white precipitate 
of CaC.O, indicates the presence of calcium. 

The above procedure has been used in the author’s 
classes during the past year. The accuracy has been 
above 95 per cent with this new procedure compared 
with accuracies below 70 per cent with other proce- 
dures. As little as 1 mg. of Sr can be detected in 


the presence of 50 mg. of Ca and vice versa, using this 
procedure. The students were reminded about the 
corrosive nature of concentrated nitric acid, hence no 
accidents have arisen in using this reagent. 


@ — — — 


Srevents of quantitative analysis often lose valuable 
time in standardizing several portions of 0.1 NV KMnO, 
solution. The following spectrophotometric method is 
suggested as a time-saver that might be employed by 
the instructor when a Beckman model B Spectropho- 
tometer is available. Besides saving time, this method 
affords the student an opportunity, under the direction 
of his instructor, of gaining a nodding acquaintance, at 
least, with a useful spectrophotometric method. Also, 
the instructor may employ it as an introduction to a 
discussion of this method as applied to other! quantita- 
tive determinations. 


PROCEDURE 


The transmittancy of a KMnQ, solution of approzi- 
mately 0.1 N is compared by means of a calibration 
curve with the transmittancy of a KMn0Q, solution of 
known strength. The solution may then be used, em- 
ploying the factor obtained from the calibration curve, 
or may be adjusted to the exact normality by suitable 
dilution. 

Preparation and Standardization? of Solution. Weigh 
on a watch glass approximately 3.2 g. of reagent-grade 
KMnO, crystals. Dissolve in 1.0 1. of distilled water, 
and heat in a covered beaker for 2 hours on a steam 
bath. Allow the covered beaker to stand overnight, 
filter through a sintered-glass filter, and store in a dark, 
glass-stoppered bottle. Formation of a brown crust on 
the inner surfaces of the bottle indicates a change in the 
composition of the solution. 

Dissolve 20 g. of reagent-grade NaOH pellets in 80 
ml. of water and cool to room temperature. Weigh, to 
the closest 0.1 mg., three 0.2-g. portions of dried arseni- 
ous oxide of known purity into 250-ml. wide-mouth 
Erlenmeyer flasks. Add 10 ml. of the cooled NaOH 
solution, and allow to stand 8-10 minutes with occa- 
sional swirling, or until the sample is dissolved. Dilute 
to 100 ml. and add 10 ml. concentrated HCl and | drop 
0.002 M potassium iodide or iodate solution. ‘Titrate 
with KMn0, solution until a faint pink color persists 
for 30 seconds or more. Run a blank determination. 
From the net volume of permanganate, corrected for 
buret calibrations and the blank, and from the weight 
and purity of the standard compute the normality of 
the permanganate. The average deviation should not 
exceed one part per thousand. 


1LInGANE, J. J., AND J. W. Anal. Chem., 22, 166 
(1950). 

2 Prerce, W. C., and E. L. Harniscu, “Quantitative Analysis,”’ 
John Wiley & Sons, New York, 1948, pp. 214, 216. 


& PERMANGANATE STANDARDIZATION 
WITH A BECKMAN SPECTROPHOTOMETER 


J. E. RANSFORD, S. J. 
University of Santa Clara, Santa Clara, California 


Calibration of Standards.* Ina series of three 500-ml. 
volumetric flasks place, respectively, 2.0, 2.5, and 3.0 
ml. of the standardized 0.1 NV KMnQO, solution; dilute 
to volume with distilled water and mix thorough'y, 
The normalities of these standards are approximately 
N/2000 times the factors 0.8, 1.0, and 1.2. Prepare 
just before use and proceed immediately as follows. 

Transfer a sufficient portion of each calibration 
standard to one of a pair of matched (preferably quartz) 
cells. Set the distilled water in the other cell at 100 per 
cent transmission on 530 my and record the transmit- 
tancy of the calibration standards. The transmittancy 
of the solution with the factor 1.2 should be approzi- 
mately 49 per cent. Plot the observed values on semi- 
log graph paper using the factors 0.8, 1.0, and 1.2 as 
ordinates so that each division unit represents a factor 
change of 0.01. The points fall on a straight line. 

Routine Tests. Potassium permanganate stock solu- 
tion, approximately 0.1 N, should be prepared in the 
same manner as in the calibration procedure. Dilute 
2.5 ml. of this stock permanganate solution to 500 ml. 
with distilled water. Place a sufficient quantity of this 
diluted solution in one of the matched cells. Measure 
the transmittancy of this sample against distilled water 
set at 100 per cent transmission on a wave length of 
530 mu, and obtain the factor from the prepared cali- 
bration curve. Multiply the normality of the standard 
solution by this factor to obtain the normality of the 
stock solution. 


N of stock solution = factor X N of standard solution 


REMARKS 


The temperature of the distilled water and solutions 
must be the same during all transmission measurements. 
The stock solution (if factor is greater than 1.0) may 
be diluted to the proper normality (0.1 N) by applica- 
tion of the following formula 
1000 


— * ml. of stock solution to be diluted to 1000 ml. 


It is preferable, however, to use the permanganate solu- 
tion without further dilution, and to correct results by 
means of the factor. 

Better results seem to be obtained if the KMnQ, 
solutions are filtered with sintered-glass filters. Such 
filters may be cleansed of MnO, residue with the usual 
dichromate solution. 


3 Fister, H. J., “Manual of Standardized Procedures for Spec- 
trophotometric Chemistry,’’ Standard Supply Corp., New York, 
1950, method P-45.1. 
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e COULOMB’S LAW AND THE QUANTITATIVE 
INTERPRETATION OF REACTION RATES, II 


As iw the former paper of this series (/), the following 
discussion is pertinent only when electrostatic influences 
upon reactants in solution predominate over specific 
effects such as those arising from the solvent due to 
solvation and other causes (2). 

Papers dealing with Coulomb’s law and both the qual- 
itative and quantitative interpretation of ion-ion reac- 
tion rates have already been published (1, 2). This 
paper deals with Coulomb’s law and the quantitative 
interpretation of reaction rates between ions and di- 
polar molecules and between dipolar molecules and 
dioplar molecules. The equations are derived from 
Coulombic energy considerations coupled with the 
Arrhenius equation. This method of approach has the 
disadvantage of applying only to dielectric constant 
effects but has the advantages of simplicity and of ap- 
plication to various electrically charged and electri- 
cally unsymmetrical combinations of reactants. The 
salt effect is still best approached, perhaps, through 
complex formation and activity coefficients. 

We shall first consider reactions between ions and 
dioplar molecules. 

The mutual potential (potential energy), E., between 
an ion and a dipole is 


In this equation higher powers than the first of the dis- 
tance of separation of centers of charge in the dipole 
are neglected. Amis (3) has derived the Coulombic 
energy for this type of reactant pair to be 


_ 2€ucosé 
ak. = AD (2) 
which can be written 
_ —zencosd 1 
AE, r2 Dz (3) 
and for the case of head-on alignment we have 


Following a procedure similar to that used in deriving 
equation (14), reference (/), we obtain 


zew(l 
Ink’: = Ink’, + (5 - (5) 


and 


' This work was done on a contract made by the Institute of 
Science and Technology of the University of Arkansas with the 
Office of Naval Research. 


EDWARD S. AMIS 
University of Arkansas, Fayetteville, Arkansas 


In equations (1) to (6) z € is the charge in the ion and 
u is the dipole moment of the molecule. According to 
equation (6) if D is increased the rate should decrease 
for a positive ion and vice versa for a negative ion. 
If D is decreased the rate increases for positive ions and 
vice versa for negative ions. These predictions are in 
harmony with those of the Amis-Jaffé equation (4).* 
The specific velocity constants are preferably those at 
zero ionic strength. Probably the better value of the 
moment to use for zero ionic strength in equation (6) 
would be yo* which is related to u by the Onsager re- 
lationship 


u(n? + 2)D 
OD + nt (7) 
and equation (6) then becomes 
* 2 
in p = nk + ™ (8) 


D*kTr(n? + 2) 
The symbols yo* and u* are the external characteristic 
moments of a molecule when immersed in a dielectric 
medium and when the ionic strength is zero and not 
zero, respectively, and n is the internal refractive index. 

This equation contains parameters po*, r, D, and n 
and assumptions would have to be made concerning 
them since their values are ordinarily not found in the 


‘literature. One could assume reasonable values of 
r and n and plot 
z¢e(2D + n?) 
log k . versus DT r(n? + 2) 


and if a straight line with a slope which gives a reason- 
able value of uo* is obtained then theory is coinciding 
with experiment. 

A simple check might be made using equation (6) by 
assuming or taking from the literature a value of » and 
plotting In k’ p = p versus 1/D and if a straight line 
is obtained, the slope of which gives a reasonable value 
of r, then theory and experiment are in agreement. 

The D values used in these data would as a first ap- 
proximation be the macroscopic dielectric constants 
of a mixed solvent pair of various controlled composi- 
tions so chosen as to give the desired dielectric con- 
stants. 

A test of equation (6) was made using the data of 
Amis and Holmes (5) on the inversion of sucrose by 
hydronium ion at 41°C. Amis and Jaffé (4) used these 


2 See also ref. (3), pp. 159-74. 
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CURVE I. THE REACTION OF DIACE TONE ALCOHOL 
WITH HYDROXIDE ION 
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authors’ data at 21°, 31°, and 41°C. The straight 
line given in Figure 1, when values of log k’p = p are 
plotted as ordinates against values of 1/D as abscissae 
has the right direction of slope as predicted by equation 
(6). The value of this slope using Landt’s (6) datum 
of 3.4 Debye units for the moment, yu, of sucrose gives a 
value of r of 5.5 X 10-8 em. for the distance of approach, 
r, for hydronium ion and sucrose to react. This is a 
reasonable value of r and compares favorably with the 
value of 3.5 X 10-* em. found by Amis and Jaffé (4) 
for this reaction using their kinetic equation. 

Using Akerléf’s data for the reaction of the negative 
hydroxide ion with the diacetone alcohol molecule at 
25°C. in water-ethyl alcohol solvents, one gets the log 
k’p = p versus 1/D plot given in Figure 1. The data 
are somewhat scattered, as was found by Amis, Jaffé, 
and Overman (7). Assuming a moment of n» = 4.0 X 
10-8 as did these authors, one finds a value of 6.0 X 
10-* cm. from the slope of the log k’p = p versus 1/D 
curve. Amis, Jaffé, and Overman found r = 1.0 X 
10-* cm. using the Amis-Jaffé equation. The r 
parameter for this negative ion-dipolar molecule re- 
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action thus has a reasonable value calculated from the 
present theory. A lower value of the moment would 
give a lesser value of r. Ln k’p = p and not In ‘. ia 

=D 
was used here but since the runs were made at constant 
ionic strength, the error introduced is not too significant, 

The disadvantages of the present method of approach 
to tke influence of the dielectric constant effect upon 
reaction rates is that it applies only to electrostatic 
effects arising from charges and/or moments possessed 
by reactants immersed in a dielectric medium. The 
methods depending on activity coefficients and concen- 
trations of intermediate complex and reactants can be 
applied also to ion atmosphere effects. 

We will now consider reactions between dipole- 
dipole reactants. Thus for dipole-dipole reactants the 
dielectric constant influence on the rate is given by the 
following considerations where all powers higher than 
the second of distances of separation of charge centers 
in dipoles have been neglected. (The Coulombic energy 
of the dipolar reactants is 


Me sin 6, sin 02 


= Quipe cos COS 
Dr’ + Dr? (9) 
and for head-on alignment 
2uime 
E. = (10) 
thus 
— (1 _ x) 
ak. = D, (11) 
and 
In k'p = Ink’n= DkTr (12) 


Equation (12) would predict a linear relationship be- 
tween In k’p = p and 1/D as a first approximation so 
long as the moments y; and ye can be used as the simple 
moments in vacuo of the reactant dipoles. Further, 
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the equation would predict an increase of In k’p = p as 
D increases. An equation by Laidler and Eyring (8) 
gives an increase of In k’p = p with increasing dielectric 
constant D. These authors, however, obtain from free 
energy and activity coefficient considerations an ex- 
pression which relates In k’p = p to (D — 1)/(2D + 1) 
in a linear way under certain restricted conditions. 

In Figure 2 a plot of In k’p = p versus 1/D is given for 
the reaction between the dipolar reactants water and 
tertiary butyl chloride in ethyl alcohol-water solvents 
of various compositions at 25°C. The data are those 
of Hughes (9). The data on such a plot may be con- 
sidered as a straight line, although there is a slight ap- 
pearance of an extremely skewed 8. The deviation 
from theory may be attributed to lack of precision. 
Taking the slope of the line and equating the slope to 
—2 uw w2/kTr® as required by equation (12) one ob- 
tains a value of r of 0.75 X 10~-* em. if the moment of 
water and the moment of tertiary butyl chloride are 
taken to be 1.84 and 2.10 10718 (10), re- 
spectively. 


353 


The value of r obtained using the approximations 
discussed in deriving equation (10) is possibly somewhat 
low, but it is not off perhaps by more than a factor of 4 
or 5. This is gratifying, considering the simplicity of 
equation (12), the ease of visualizing its predictions, 
and the approximations made in its derivation. 
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e WITH OR WITHOUT SECONDARY-SCHOOL 


CHEMISTRY 


Avionc many professors who teach general chemistry 
in our colleges and universities there persists the opin- 
ion that it makes little difference whether their stu- 
dents have or have not had previous work in secondary- 
school chemistry as to the probability of success or 
failure in college chemistry courses. To quote a few 
examples: 


The failure rates will be about the same if the instructor uses 


good judgment in the early lectures about defining new terms, ~ 


working problems, balancing equations, etc. 


I have no numerical data in this regard, but am fairly certain 
from hearing of different cases, that there is little difference. 


No records, but we believe there to be no strong correlation 
between high-school records and performance in this course. 


Unless the secondary school was a technical high school, we 
find that those students without chemistry do better. The 
Treason may be that the student’s efforts are less, feeling that this 


EARL W. THOMSON 
United States Naval Academy, Annapolis, Maryland 


is repetition. When the students realize it is not, then it is too 
late—a little knowledge is dangerous. 


Is this belief correct? ‘No!!! Nol!!! A thousand 
times no!!!” 

During the past year a questionnaire was sent from 
the Naval Academy to the heads of departments of 
chemistry in representative colleges and universities 
throughout the country asking data with regard to 
courses in general chemistry. One of the questions 
asked was as to whether there had been observed any 
difference in failure rates between those who had had 
secondary-school chemistry and those who had not 
had previous chemistry. This article is written as the 
result of the answers, quantitative and qualitative, 
received from the questionnaire. 

In every case where quantitative data are available 


it was shown that the rate of failures among those who 
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have not presented chemistry for entrance is much greater 
than for those who have had secondary-school chemistry. 


FAILURE RATES 


From 1941 until the class which entered in 1947, the 
Naval Academy required high-school chemistry for 
entrance on certificate or by examination. Since the 
class which entered in 1948, 14.0 per cent of the entering 
midshipmen have had no chemistry previous to en- 
trance. From this group there has been a failure rate 
of 15.4 per cent for the first term, which is three times 
the average rate of failure for the whole class. 


TABLE 1 

1948-53 (Five Years), First Term, Gensral Chemistry 
Total entering midshipmen 5338 
Entering without chemistry 756 14.0% 
Entering with high-school chemistry 2988 56.1% 
Entering with college chemistry 1594 29.9% 
Withdrawals before examination 170 3.2% 
Term failures, without chemistry 109 15.4% 
Term failures, with high-school chemistry 139 4.8% 
Term failures, with college chemistry 24 1.6% 
Term failures, total 272 5.3% 


The data in Table 1 show that although the overall 
failure rate for the first term has been only 5.3 per cent 
we can expect a failure rate among those who have not 
had previous chemistry of 15.4 per cent, for those with 
only high-school chemistry of 4.8 per cent, and for those 
who have had college chemistry of only 1.6 per cent. 
It is also worthy of note that the withdrawals before 
examination for those without previous chemistry are 
2.5 times as great as for those entering with chemistry. 
The statistics therefore definitely show the advantage 
of having had previous chemistry. 

As this difference in failure rates consistently ap- 
peared every year in our analysis of failures, we in- 
quired in the questionnaire as to the difference in fail- 
ures in the colleges and universities for those with and 
without high-school chemistry. The returns from the 
colleges roughly paralleled those of the Naval Academy. 

On the average, the failure rate for those without 
entering chemistry in the civilian colleges was 20.5 
per cent, and for those with high-school chemistry was 
7.6 per cent. In two schools, where separate courses 
in general chemistry were operated for those with and 
without chemistry, the failure rate was 14.3 per cent for 
the courses which required entering chemistry, and 
25.9 per cent for those which did not. 

In requesting the data on variation of failure rates 
for those with and without entering chemistry, it was 
not asked whether those with and without chemistry 
were allowed to take the same course. However, in 
the answers received which represented 86 courses, it 
was indicated that in 45 courses students were present 
both with and without entering chemistry, in 17 
courses only those entering with chemistry took the 
course, and in nine cases the course was only for those 
without high-school chemistry. 

In several colleges there were two separate courses 
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in beginning or general chemistry, one for those with 
and one for those without high-school chemistry, 
This seems to be a most logical method of solving the 
problem, as one professor wrote: 


Note that those who have not had chemistry before take our 
Chemistry 1 and 2. Those with previous chemistry take course 3 
and 4. We are quite confident that this is a wise arrangement; 
for we have tried both systems. 


GRADES VERSUS PREVIOUS PREPARATION 


In the Naval Academy all entering plebes have to 
take the same course in general chemistry, no matter 
what their background, no matter whether they have 
been interested in science in high school or not. The 
statistics show that a good student will pass the course 
even if he has not had a previous one, for if 15.4 per 
cent have failed then 84.6 per cent of this group have 
passed. There are many failures among those who 
have had secondary-school chemistry, and even some 
failures among those who have had equivalent college 
chemistry. Most of these failures are because of lack 
of application, an inability to study, the stiff pace that 
is set, a tendency to “ride the velvet” and find oneself 
unprepared when the examination arrives. 

Analysis of failure represents merely the analysis of 
an end point. It then becomes interesting to see 
whether the data shows the same correlation at the top 
of the grade scale as at the bottom. Have the better 
men all had previous chemistry? What percentage of 
those without high-school chemistry are in the top 
50 per cent of the class? What is the probability that 
a man without high-school chemistry will get an “A” 
in the course? 

At one of the larger universities a correlation curve 
was set up between grades and those who had and had 
not had secondary school chemistry, both of these 
groups taking the same course. The data obtained are 
shown in Table 2. 


TABLE 2 
With HS Without HS 

Grade chem., % chem., % Ratio 
A 9.9 3.8 2.6:1 
B 23.1 16.3 se 
C 42.9 37.5 1.15:1 
D 21.1 30.0 1.2 
F 3.1 12.5 1:4 


Note first that the failure rate is four times as great 
for those who have not had high-school chemistry. 
If A counts as 4 credits, B as 3, C as 2, D as 1, and F as 
zero, then the average mark for those having high- 
school chemistry is 2.16 or C+, and for those without 
high-school chemistry was 1.84 or C—, a difference of 
*§ per cent. 

A study was made of the grades in the first term, 
1951-52, in the general course in chemistry at the 
Naval Academy. This included 149 men who had 
not had any previous chemistry, 564 who had had high- 
school chemistry only, and 306 who had had some col- 
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lege chemistry. The results on a percentile basis are 
shown in Table 3 and the accompanying graph. They 
definitely show the superiority of those who have had 


TABLE 3 
With only 
With college high-school Without 
chemistry— —chemistry chemistry 
Per cent Per cent Per cent 
in10% Cumu- in10% Cumu- in10% Cumu- 
Percentile bracket lative bracket lative bracket lative 
90 22.2 22.2 5.7 5.7 1.3 1.3 
80 16.4 38.6 8.7 14.4 2.1 3.4 
7 16.1 54.7 8.6 23.0 2.6 6.0 
60 9.4 64.1 11.8 34.8 4.7 10.7 
50 8.9 73.0 11.5 46.3 6.8 17.5 
40 80.7 10.7 57.0 11.3 28.8 
30 7.8 88.5 10.2 67.2 14.2 43.0 
20 4.6 93.1 11.6 78.8 15.4 58.4 
10 4.7 97.8 11.5 90.3 15.6 74.0 
0 2.2 100 9.7 100 26.0 100 


college chemistry over those who have had only high- 
school chemistry, and of the latter over those who have 
had no chemistry for entrance. In the top 10 per cent 
we find 22.2 per cent of those with college chemistry, 
5.7 per cent of those with only high-school chemistry, 
and 1.3 per cent of those without chemistry. At the 
530-percentile the percentages are 73.0 per cent to 
46.3 per cent to 17.5 per cent, that is, only one-sixth of 
those without chemistry for entrance are in the top 
half of the class, leaving five-sixths in the lower half of 
the class. In the bottom 10 per cent there are 2.2 per 
cent of those who have had college chemistry, 9.7 per 
cent of those with only high-school chemistry, and 
26 per cent of those without any entering chemistry. 

At the Naval Academy a mark of 4.00 is 100 per cent, 
3.40 is “with distinction,” 3.00 is considered “average,”’ 
and below 2.50 is failure. Those who finished the 
course “with distinction” included 41.4 per cent of 
those who had had college chemistry, 16.7 per cent 
of those with only high-school chemistry, and only 
4.0 per cent of those who had had no chemistry prior to 
entrance. In this horserace the odds are 1:2 that a 
man who has had college chemistry will win the race 
“with distinction,” 3:1 for those who have had only 
high-school chemistry, and are long-shot odds of 15:1 
for those who have had no chemistry. Above the 
“average” of 3.00 we find 79.0 per cent of those with 
college chemistry, 55.3 per cent of those with only 
high-school chemistry, and only 26 per cent of those 
without entering chemistry. The failures included 
1.7 per cent of those with college chemistry, 5.8 per 


cent of those with only high-school chemistry, and 14.2 - 


per cent of those without chemistry. 

Usually the argument of those who believe that the 
year of physics or chemistry in the high schools is of no 
great advantage is that the effect of badly learned con- 
cepts outweighs the advantage of the earlier contact 
With science. This may be so in so far as course con- 


tent is concerned, but an early beginning in proper 
methods of calculation and problem working, and in 
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laboratory work and its learning with the hands, ears, 
eyes, and mind is certainly an advantage. 

One of the unasked-for results of the qualitative 
thinking of those who do not believe in the advantages 
of high-school chemistry is that many boards of control, 
listening to these fallacious arguments, have seen fit to 
drop physics and chemistry from the entrance require- 
ments. Too many of our students thus come to us not 
only poorly prepared but without any interest in the 
sciences or in mathematics. The qualitative interest of 
juveniles in space ships and interplanetary travel is a 
poor substitute for a thorough grounding in algebra, 
trigonometry, physics, and chemistry. 


CONCLUSION 


This then must be our conclusion: There exists a 
definite correlation between a student’s chance of suc- 
cess or failure in general college-chemistry courses and 
his previous preparation in chemistry in secondary 
schools. The chances of failure are three to four times 
as great for those who have not had previous chemistry 
as for those who present it upon entrance. The chance 
of passing the course “with distinction” as shown 
in Naval Academy data is nearly ten times as great 
for those who have had previous college chemistry as 
for those who have had no chemistry; and four times 
as great for those with high-school chemistry. 

This is the quantitative or scientific approach. Let 
those who “believe but have no data,”’ who “know from 
experience,” who “feel sure but have no quantitative 
data,” collect for themselves some data. Until they 
do, please let us have no more of this fallacious thinking 
that it makes little difference whether a student has or 
has not had previous training in the subject. Let us 
at least apply the scientific method to analyze that 
which is so important to elementary science courses in 
the colleges, and cease the qualitative approach. 
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Awonc the thousands of German immigrants to Penn- 
sylvania in the eighteenth century there were few who 
contributed more to her economic development than 
Henry William Stiegel. Probably none was so colorful 
as this native of Cologne, who in the short span of 
three decades gained and lost a fortune, lived in baro- 
nial pomp, and still made significant contributions to 
two infant industries—the manufacture of iron and 
glass. 

Iron was the source of the Stiegel fortune and his 
chief maintenance, but glass making was his love and 
the cause of both his fame and folly. He was a success- 


ful entrepreneur in both fields for a time, until his am- ~ 


bition to expand in new phases of glass manufacture, 
plus the squandering of money on estates and enter- 
tainment, caused his financial failure. 

The scene of Stiegel’s active career was Lancaster 
County, Pennsylvania, to which he came in 1752. He 
began work with Jacob Huber, an early ironmaster at 
Elizabeth Furnace, near Brickerville (/). He soon 
learned the business, married Huber’s daughter Eliza- 
beth, and succeeded Huber in the growing iron man- 
ufacture. Later he became co-owner and manager of 
another iron works at Charming Forge, located at 
Womelsdorf, Berks County. 

The products of these operations—metal for fabri- 
cation in domestic and foreign plants, and finished 
products such as stoves, kettles, and later cannon 
balls—were sorely needed throughout the country. 

An ironmaster in those days became a large land- 
owner, mill operator, storekeeper, and in a true sense 
the chief figure in his community. His activities in- 
cluded the procurement of materials, the mining of ores, 
quarrying of limestone, timbering for lumber and char- 
coal. He was a merchant in materials and labor. Much 
of the latter came from indentured laborers and artisans. 
He planned and erected all manner of buildings from 
barns to private “castles.” 

Stiegel, in addition to the demands necessary to his 
station, was an artist, a contributor to music and the 
decorative arts. In glass he saw a product which 
could be of great practical and ornamental value. At 
Elizabeth Furnace he began experiments in glass making 
in 1763. At first, primitive forms of glass for bottles, 
windows, etc., were made. Then as the success of his 
venture and the skill of his craftsmen became apparent 
he saw the need for a new location. 

To the nearby village of Manheim he went to erect 


1 Presented at the 122nd Meeting of the American Chemical 
Society, Atlantic City, New Jersey, September, 1952. 


* HENRY WILLIAM STIEGEL—PIONEER IRON 
AND GLASS MAKER’ 


ROBERT D. BILLINGER 
Lehigh University, Bethlehem, Pennsylvania 


his famous Glass House in 1765 and to foster the de- 
velopment of this little village. From here he supplied 
to the growing colonies much that was needed in house- 
hold glassware, as well as beautiful vases, urns, and 
his famous enameled glass. 

To the chemist, Stiegel’s contributions were of im- 
portance not only because he developed the manufac- 
turing arts themselves but also because he made chen- 
ical glassware to order. Some of this was used by the 
small but increasing number of doctors, druggists, and 
chemists, and some was sent to sugar makers in the 
West Indies. 

In still another field Stiegel’s influence was to con- 
tribute both to posterity and to his individual fame. 
As a churchman Stiegel was active, first in his own com- 
munity at Brickerville, later in his hey-day in Manheim. 
He was active in local church business, a delegate and 
counselor and a contributor of land for church building. 
This last connection in more recent years has resulted 
in far-famed publicity for both himself and Manheim. 

In granting the land for t'e Lutheran Church in 
Manheim Stiegel simply requested in poetical sense 
the ground rent of ‘fone red rose in the month of June 
if the same shall be lawfully demanded” (2). The 
specification of a rose as annual payment was not 
unusual. It was customary to state some such com- 
mon article—for example, an ear of corn or something 
readily at hand as annual payment. Since 1896— 
over a century after his demise—this gift has been 
made to a Stiegel heir and the event has been widely 
heralded as the Festival of the Red Rose. This event 
inspired the writing of a popular novel “One Red 
Rose Forever’ (3) whose chief character is the romantic 
“Baron” Stiegel. The revival of the actual practice to 
commemorate Stiegel’s benefaction was due largely to 
the activites of Dr. J. H. Sieling, a young physician, 
who became so interested in the traditions surrounding 
Stiegel that he enthused increasing numbers of friends 
to participate in this festival. 

There are many doubtful points in the Stiegel career 
which have not been explained, but let us first review 
the highlights of his activities from some of the accepted 
sources of information. 

Late in the summer of 1750 Stiegel came to his adopt- 
ed country together with 270 other German immi- 
grants. With him came his widowed mother and his 
ll-year-old brother Anthony. The ship “Nancy,” 
with Captain Thomas Coatem in command, arrived 
from Rotterdam after a seven-weeks’ voyage at the 
port of Philadelphia on August 30. Some of Stiegel’s 
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descendants claim that he came with 20,000 pounds to 
invest in new enterprises on this side of the Atlantic. 
This is generally doubted because most of the passen- 
gers were poor, sturdy souls—many of them indentured 
servants who had to work for a number of years to pay 
for their passage. They came to the land of freedom 
and opportunity from the oppressed regions of the 
Rhineland. 

Henry William Stiegel was born in Cologne, Ger- 
many, May 13, 1729. Details of his early life and 
schooling are unknown. Those who thought he was 
of royal blood have been unable to substantiate the 
claims. F.W. Hunter (4) who made the most extensive 
study on the life and work of Stiegel attempted to con- 
sult authorities on German royalty and could find no 
evidence for the baronial title, which was often given 
to him by his contemporaries. However, he must have 
been moderately well schooled, judging from his cor- 
respondence in both English and his native language. 
At the close of his career, when his business ventures 
had failed, he served as schoolmaster and music 
teacher in several small communities. 

Stiegel’s business contacts almost from his arrival in 
America were associated with two Philadelphia Quaker 
brothers, Charles and Alexander Stedman. In fact 
they may have owned the ship which brought Stiegel 
here, and their interests involved the traffic in immi- 
grants, the sale of vast land holdings, and the financial 
backing of the primitive industries. 

For the first two years in America we can only guess 
what Stiegel did. Perhaps he worked for the Stedmans, 
either in the Quaker City or on missions elsewhere. 
However, in 1752 we find him with his future father-in- 
law, Jacob Huber, at Elizabeth Furnace. 


A COLONIAL IRON INDUSTRY 


The region to which Henry Stiegel came to seek his 
fortune had already given promise to the long series of 
successful iron ventures which have marked its history. 
The Cornwall mines in Lebanon County just north of 
the red sandstone hills which border Elizabeth Fur- 
nace have been a continuous source of magnetic iron 
ore from 1742. They supplied the ores for the Corn- 
wall Furnace (5) and for Elizabeth Furnace during the 
active years in which they were in blast. Jacob 
Huber had come to the northern section of Lancaster 
County in 1743 and several years later began the oper- 
ation of this historic furnace. 

When Stiegel came to Pennsylvania the frontier was 
just beyond the Blue Mountains on the north and not 
much farther west than the Susquehanna River. The 
entire population of the province was about 150,000 
and this was concentrated largely in the southeastern 
section. Lancaster County was so constituted in 
1729 as the result of a request from petitioners of 
northwest Chester County who sought a relief from 
long miles of travel to the county seat of Chester to 
conduct official business. It was the fourth county in 
Pennsylvania, following Philadelphia, Bucks, and Ches- 
ter counties. As early as 1709 some Swiss Mennonites 
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had migrated here. But expansion was under way, as 
newcomers arrived to take advantage of the opportu. 
nities in Penn’s woods. The woods were extensive, as 
is evident from early estimates that 90 per cent of 
Pennsylvania was timber covered. Huge oaks, maples, 
birch, pine, hemlock, chestnut, and numerous other 
species of virgin timber blessed the land. 

William Penn’s hopes for developing his province had 
encouraged a planning board—The Free Society of 
Traders. Searches for raw materials and development 
of these into finished products were fostered. Grist 
mills, saw mills, tanneries, and paper mills, were among 
the first developments after land was cleared for homes 
and farming. In 1698 a report to Penn stated that 
iron mines near Durham, in Bucks County, were being 
guarded by a group of Shawnee Indians (6). Ten 
years later the mines were being worked. 

Iron manufacture began in Pennsylvania with a 
bloomery forge erected by Thomas Rutter on Mana- 
tawny Creek in 1716 (7). Pennsylvania’s first blast 
furnace was at Colebrookdale on Iron Stone Creek some 
four years later. Following soon after in the same re- 
gion furnaces were erected at Reading and Warwick, 
and forges which were to become famous, Hopewell and 
Valley Forge. 

The early furnaces were simple in operation and re- 
quired only a few workers. A stone shaft, approxi- 
mately 25 feet square at the base and tapering slightly 
to a height of perhaps 30 to 40 feet, constituted the 
external structure. (The earliest furnaces were some- 
what smaller.) The interior was lined with firebrick 
or fine grained sandstone, the inside dimensions varying 
from three feet at the hearth to seven feet in the bosh. 
Air was supplied from a huge bellows operated by water 
power. It required only a half-dozen workers to op- 
erate the smaller furnaces, perhaps nine or ten for 
larger furnaces. To supply such a furnace with ore, 
which produced only two tons of pig iron every day, 
required but three or four miners working in open pits. 
However there was a larger force necessary to supply 
the wood and convert it into charcoal. Here a dozen 
men might be required. Seasonal conditions inter- 
ferred with some or all of these operations and the best 
output from a furnace was only a few hundred tons 
of iron a year. In 1760 Pennsylvania produced 5000 
tons from some 12 furnaces. This represented one- 
half of the total produced by all the American colonies. 

At Elizabeth Furnace Stiegel began as a clerk and 
assistant to Huber. Within the year, however, in 
this delightful glen on a hilly slope, one mile north of 
Brickerville, he not only learned the fundamentals of 
iron making but won the heart of the ironmaster’s 
daughter, Elizabeth, whom he married in November, 
1752. In a few years, with his earnings and capital 
supplied by his Philadelphia friends, the Stedmans, 
he had acquired a partnership in the business and be- 
came its manager. 

Stiegel and his partners were ambitious. Growing 
demands for iron required more raw materials. The 
400 acres of land owned by Huber was insufficient to 
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Elizabeth Furnace, Home of Henry William Stiegel 


supply wood enough for the charcoal needs of the fur- 
nace. So within two years the estate grew in size to 
10,454 acres. The clearing of the land not only fur- 
nished wood for charcoal and timber for construction 
but it also provided new areas for cultivation of crops. 
Lancaster County, well blessed with limestone, has 
since become known as the garden spot of Pennsylvania 
because of its rich soil. Pioneers like Huber, Stiegel, 
and their associates in iron production were making it 
possible for more of the sturdy German settlers to come 
to this region. Iron was but one step, albeit a very 
important one, in the development of this lush agri- 
cultural area. 

Some idea of the charcoal used by an average fur- 
nace of the late eighteenth century is obtained from 
the writings of Henry Drinker, who in 1786 estimated 
that one furnace required 800 bushels of charcoal every 
24 hours. Estimating (8) that this could be supplied 
from twenty cords of wood, which was almost the av- 
erage cut from an acre of woodland, it would require 
almost 250 acres of forest section to supply charcoal 
for a possible eight months of blast furnace operation 
per year. 

Dr. Herbert H. Beck, dean of Lancaster County 
historians, guided the author over historic spots in the 
Furnace Hills where Stiegel operated. At the Eliza- 
beth Furnace estate we saw the strong buildings of 
native sandstone, which bear evidence of both the orig- 
inal workmanship and the care which has been exerted 
in maintenance over the long years. The original 
home of Jacob Huber (built 1746) in which Stiegel was 
married is still in good repair, although not used as a 
residence. More imposing are the homes of the later 
ironmasters, the Stiegel home of about 1760 and the 
larger mansion of Robert Coleman built sometime 
after the latter acquired the property during the Rev- 
olution. Behind the Stiegel home of two and one-half 
stories is a small annex used as an office, to which is 
attached a long stone barnlike structure which housed a 
store and warehouses. This latter was used as a bar- 
tacks for Hessian prisoners who worked for a time under 
Stiegel’s direction. The belfry atop the barracks was 
used to summon the workers on the iron plantation to 
meals and assemblies. Of interest to the modern 


engineer as well as the antiquarian is a small building 
which was used as the ice house. Its square stone 
walls, eight feet on a side, were capped with a semnieed 
steep, peaked roof of wooden shingles. 

Tangible evidence of the iron work produced = 
Stiegel’s craftsmen remains in the shape of cast-iron 
stoves. Cylindrical, or cannon stoves, and the boxlike 
six- and ten-plate stoves with ornamented sides show 
that advances were made in stove design and decora- 
tion. We saw one in the Coleman mansion at Eliza- 
beth Furnace made by Stiegel, and another of later 
date. There are others in Pennsylvania museums at 
Reading, Doylestown, and Hershey. In the ten-plate 
stove there was an internal oven with a side door. This 
oven is claimed (9) to have been the first cooking oven 
apart from the primitive fireplace and attached bake 
oven. This type of stove sold for something over 
five pounds, depending on its size and ornamentation. 
We wonder what obscure iron maker, perhaps urged 
by his long suffering wife, first attempted this advance 
to ease the problems of home cooking. Also from 
Elizabeth Furnace came cast-iron pots for the soap and 
apple-butter making of the farmers, kettles for the 
hearth, cannon balls for the wars against the French 
and Indians and later for the War of Independence. 

Steigel was also a partner and manager in another 
important iron works. This was a forge northeast of 
Brickerville along the Tupehocken Creek, near Womels- 


Specimens of Stiegel Iron Work 


Upper Left: Elizabeth Furnace Stove-Plate 

Lower Left: A Stiegel Cannon Stove, Owned by the James Spear Heating 
Company of Philadelphia 

Right: A Stiegel Stove in the Museum of the Berks County Historical 
Society at Reading 
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dorf, in Berks County. It was only a little more than 
ten miles as the crow flies but nearer 20 over the hill 
on the primitive roads. Romantically, Stiegel named 
it Charming Forge, being impressed by its pleasant 
location. The product of Charming Forge was re- 
fined iron—wrought bar iron—made from the pig iron 
trundled by horse and ox carts from Elizabeth Furnace 
and other sources. The bar iron was malleable and 
from it could be made axes, farm tools, plough heads; 
spikes and nails for building; axles and tires for the 
wheel rims of the massive Conestoga wagons—another 
Lancaster product which became the ark of transpor- 
tation for many settlers pushing westward. 


GLASS MAKING 


Steigel was not the first to make glass in Pennsyl- 
vania. Nor did his several glass houses continue in 
very prolonged operation. However he had a flare 
for the artistic and his Manheim glass works were 
probably the first in America to make beautiful flint 
glass and colored enameled glass. 

His ventures in glass making were both his joy and his 
folly. What started this successful young ironmaster 
to embark in a new field of industry? First we think 
it was in answer to a demand which was widespread 
and evident. Window glass and bottles were needed 
whenever the settler got beyond his crude beginnings. 
So these were the products which Stiegel and other early 
glass makers produced first. 

In the history of glass making it was not until the 
eighteenth century that window glass became available 
to the average man. Even then the small panes of- 
fered at high prices were uneven in thickness and pro- 
duced distorted views. Stories, perhaps with some 
truth, have been told of loads of glass which were 
hijacked as they were being transported inland to de- 
manding housewives. 

There are certain similarities in iron and glass mak- 
ing, perhaps more in their primitive stages of produc- 
tion. Slag, a by-product of the blast furnace, is essen- 
tially an impure glass. Such thoughts might have 
prompted Stiegel in 1763, at Elizabeth Furnace, to 
begin experiments in glass making. He may have dis- 
covered among his workers some who had been glass 
makers before coming to America. It has also been 
surmised that Stiegel himself knew something about 
the glass industry at first hand from his youth in Co- 
logne. The dates which Hunter gives for work at this 
first glass house are from September 18, 1763, to No- 
vember 11, 1765. 

Soon his success in the glass venture urged him to 
select a new location, where glass manufacture could be 
the chief industry. His partners, the Stedman broth- 
ers, had acquired 729 acres of good level pasture land 
in Rapho Township, about eight miles southwest of 
Elizabeth Furnace. Stiegel became holder of one third 
of this land and together with Charles and Alexander 
Stedman make plans for the settling of the town of 
Manheim. There were already 118 families, chiefly 
German and Swiss farmers, in the township in 1756. 
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Here in Manheim Stiegel erected two glass house. 
The first was begun October 4, 1764 and was operate 
from October 27, 1765, to April 20, 1769. The secon 
factory, begun in 1768, is said to have been 90 feet high, 
with dome-shaped walls of red brick imported fron 
England. The glass works operated intermittently 
closing down in the warm summer months, when tie 
glass blowers would leave to work on farms or migrate 
elsewhere. 

Additions were made to buildings during 177], 
1772, and 1773, but in May, 1774, after a continued 
decrease in glass sales, the business was leased to 4 
company of Smith and Simund. This firm evidently 
did not function very long and many have been assigned 
only to help in sales of remaining stock. Altogether 
Stiegel’s contact with glass manufacture covered only 
about ten years. During this interval he was busy 
planning buildings, securing raw materials, engaging 
glass blowers, and selling his wares. 

The ingredients for glass making are not too complex. 
Quartz or silica is widely and abundantly found in ne. 
ture and could be obtained locally. Some potash was 
probably extracted from wood ashes in the region, and 
more obtained later in exchange for finished glassware 
in the seaboard cities of Boston, New York, and Phil- 
delphia. Lead oxides, both litharge and red lead, for 
his flint glass were obtained from both domestic and 
foreign markets. Limestone to furnish lime was no 
great problem. Elizabeth Furnace had its own lime 
stone quarry within a few miles. Metal oxides for 
color—chromium, cobalt, copper, and iron—could all be 
supplied from colonial sources. There is cobalt, for 
example, in the Cornwall iron deposits, but it is doubt- 
ful whether its existence was known at the time.  Py- 
rolusite, the manganese dioxide used both as a clarifier 
to counteract traces of iron or in larger amounts to pro- 
duce an amethyst color, was imported. 

At first the Manheim production of glass was also 
strictly utilitarian—bottles, window glass, common 
mugs, tumblers, and household necessities. Later, a 
the number of workmen and their talents increased, 
came the era of artistic specialties. Stiegel made at 
least one trip abroad to hire glass blowers and to leam 
foreign glass methods. This was late in 1763. Since 
much of his later glassware follows the so-called Bristol 
technique, it is believed that much of his time was spent 
visiting glass works there. 

On July 1, 1772, the name “The American Flint 
Glass Manufactory” was announced to designate the 
Manheim plant. Stiegel was advertising his products 
through dealers in many of the larger cities and towns 
in the colonies. He appealed to the patriotic spirit of 
the public, as is evidenced in this quotation from an ad- 
vertisement in the New York Journal or the General 
Advertiser of January 14, 21, 28, and February 4, 1773: 
“| he hopes for the encouragement of those who wish 
well to the establishment of manufacturers on_ this 
continent: and that the glass he offers to the publie 
will be found to rival that which is imported and sold 
at lower prices.” 
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In another advertisement in the New York Gazette 
and Weekly Mercury of February 8, 15, 22, and March 1, 
1773, Stiegel states—after enumerating various types 
and sizes of decanters, tumblers, wine glasses, rounds 
and phials for doctors, ink bottles, ete.—‘‘Orders taken 
for all kinds of glasses for chymical or other uses, 
agreeable to patterns. It is expected that all friends 
to American manufacturers will do their utmost in 
promoting this.” 

Considering the quality of his work it is surprising 
that his dealers in Boston thought it necessary to offer 
Stiegel glass to the public as “imported.” 

Window glass from the Stiegel works was made by 
both the “crown method” (spinning an opened bubble 
of glass into a flat circular disc) and the “sheet”’ method 
(flattening, under the influence of heat, a pane of glass 
first blown in a cylinder and cut lengthwise by a 
diamond). All other products may be considered under 
four general types of glassware. First, there was blown 
glassware which involved no mold; second, the type 
which shows ribbed or molded surfaces and required 
the use of a small open-topped design mold; third, 
pieces which were engraved by diamond point or metal 
wheel using emery; fourth, the glassware decorated 
and then baked with vitrifiable colored enamels. 

This latter ornate type of product was made late in 
the life of the Manheim glass factory. It is gaily 
colored in designs which have inspired the revival of an 
art often called Pennsylvania Dutch. Here the Stiegel 
artists were producing on glass decorations similar to 
those which were the vogue in pottery, wood, and 
painted tinware. In Manheim the author was privi- 
leged to view a beautiful collection of authentic Stiegel 
glass at the home of Mr. and Mrs. Miles Keiffer on 
Market Square, only a few doors from the building 
which was the Stiegel mansion. 

This paper cannot trace the intricacies of the Stiegel 
accounts, business deals, and later failures. A career 
which was marked at intervals with extravagant pur- 
chases—homes, “castles,” tapestries, musical instru- 
ments, showy coach, and fine horses—plus extensive 
land holdings and business expansion re- 
sulted in financial obligations which could 
not be met. Stiegel’s donations and 
benevolences had established his gener- 
osity and public spirit, but there were 
also instances of runaway servants, em- 
bittered workmen, and merchants de- 
manding payment on all sides. ‘In the 
end,”’ Hunter states, “he put all his finan- 
cial eggs into this glass basket.”” And to 
continue the analogy one could say that 
it took fancy stepping to delay the crash. 

Stiegel even tried a widely advertised 
public lottery to help raise funds for his 
glass industry. This device was often 
used in colonial days as it is today in 
many Latin American countries. But the 
times were poor and Stiegel could not get 
much interest in his schemes. He esti- E 
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Metropolitan Museum of Art, New York 
from the Hunter Collection of Stiegel 


Glass 


mated that his entire holdings in land, houses, and 
furnaces might be worth almost 20,000 pounds, which 
would amply settle his accumulated debts of about 
10,400 pounds. He wanted to sell all except the glass 
houses, but foreclosures and lawsuits haunted him. 

Even his friends could not keep him from a short 
period of “token’’ imprisonment for debt in 1774. 
However, release from custody came to Stiegel the 
day before Christmas at a special Council meeting 
presided over by the Honorable John Penn, Esq., 
Governor. 

Stiegel’s last years were active and useful to his 
countrymen, although his station in life was much less 
dignified and his letters were humble and plaintive. 
His mansion at Manheim was acquired by leading 
figures of the Revolutionary period. He was indebted 
to John Dickinson, prominent Philadelphia attorney 
and member of the continental Congress and to him 
wrote many letters which recount the state of his ac- 
counts and also the depth of his feelings. These 
letters are in the files of the Pennsylvania Historical 
Society in Philadelphia and are the source of much of 
the information of the authorities quoted. 


Philadelphia Museum of Art 
bl and Drug Bottle of Stiegel Manufacture. Manheim, ca. 1773 
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Robert Morris, signer of the Declaration of Inde- 
pendence and termed the “financier” of the Revolu- 
tion, came to live for a time in the residence built for 
Stiegel in Manheim. But by this time Stiegel had 
moved to his former home at Elizabeth Furnace. 

For a time Stiegel directed operations for Robert 
Coleman who had leased the Furnace to make supplies 
for the struggling colonial army. When the scene of 
the war shifted farther south Elizabeth Furnace was 
idle and Stiegel moved elsewhere. Later he lived in 
the church parsonage at Brickerville; then for a while 
he stayed with his brother Anthony in Schaefferstown 
and finally with George Ege at Charming Forge. In 
his last years he is reputed to have taught school and 
clerked at some of the iron works of his friends and 
relatives. 

Henry William Stiegel died January 10, 1785, at the 
Ege home near Womelsdorf. There is no certainty as 
to where he is buried. 

The visitor to Manheim will. find at the east end of 
Market Square a dignified plaque in blue and gold 
honoring ‘Baron Stiegel.’”” Erected in very recent 
years by the Pennsylvania Historical Commission it 
would seem to give official approval to the title fre- 
quently ascribed to Henry William Stiegel. Appar- 
ently the only place the title was printed during Stiegel’s 
life was on some of the stove plates made at Elizabeth 
Furnace. One such inscription ran: 


Baron Stiege! ist der Mann 
Der die Oefen giessen kann. 


No doubt Stiegel was so honored by his workmen and 
the provincial population, and needless to say he liked 
the title and tried to live up to it. However, no sig- 
nature of his ever has been found which puts his claim 
to title in writing. As Dr. Beck states, “the very mys- 
tery of his ancestry, like the uncertainty of his place of 
burial, only intensifies the glamor of the picturesque and 
colorful figure of Stiegel. His fame is well established 
by his glassware, by the firm traditions of the baronial 
pomp of his career, and by the churchyard, which he 
gave to the Manheim Lutherans for one red rose.” 
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CLARA MARIE DE MILT 


As this issue goes to press we have just learned of the sudden death of one of 
our most respected and esteemed contributors, Dr. Clara de Milt, head of the 
Department of Chemistry of Sophie Newcomb College of Tulane University. 
She had a wide reputation as a teacher and historian of chemistry, and her sound 


judgment and good humor could always be depended on. 


missed by her many friends. 


She will be greatly 
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FLAME TESTS’ 


Tus paper describes the manufacture of certain trans- 
parent colored lacquers and their use as color filters in 
the semispectroscopic detection of the alkaline metals. 

In theory, it should be easy to see one colored flame 
in the presence of another by observing the combined 
flame thru a color filter which transmits the spec- 
tral lines due to one flame and blocks those of the other. 
This principle is employed in the familiar flame test 
for potassium, wherein a cobalt glass is used to filter 
out the yellow light of sodium. The filters described 
herein extend this application to include barium and 
strontium. 

An examination of the visible flame spectra of barium 
and strontium salts reveals that each has bright lines in 
a region of the spectrum where the other has none. 
(This is not true of calcium, all of whose bright lines are 
nearly duplicated by either barium or strontium.) 
Therefore, a color filter which blocks red and yellow 
light, but passes green, should enable one looking 
through it to see a barium flame, but not a strontium 
flame. Similarly, a filter passing red, but blocking 
yellow and green, should enable one to see a strontium 
flame, but not a barium flame. 

For the past several terms, we have been using such 
filters as the sole means of detection of barium, stron- 
tium, sodium, and potassium in an abbreviated course 
in qualitative analysis at Georgia Tech. The analytical 
procedure is simple: First barium and strontium are 
separated from sodium and potassium by precipitation 
of the barium and strontium with (NH,)2CO;. Then 
the precipitate, after washing, is dissolved in a few 
drops of concentrated HCl. A platinum wire is dipped 
into this solution, and held in the hottest part of a 
Bunsen flame and the resulting colored flame is ob- 
served first through a red-transmitting “Strontium 
Filter,” and then through a green-transmitting ‘“Ba- 
rium Filter.” Similarly, the sodium-potassium flame 
is observed with the naked eye for sodium, and 
through a red-and-blue-transmitting filter for potas- 
sium. If any flame is visible through the ‘“Stron- 
tium Filter’ strontium is reported; if any flame is vis- 
ible through the “Barium Filter” barium is reported; 
and similarly for sodium and potassium. Actually, 
since the filters are seldom perfect, a glimmer of the 
Wrong flame may sometimes be seen; but these glim- 
mers can easily be distinguished from the strong, 
steady flames of positive tests. 


! Presented to the Joint Meeting of the Georgia Academy of 
Science and the Georgia Section of the American Chemical So- 
ciety, Atlanta, Georgia, April 18-19, 1952. 


LACQUER COLOR FILTERS FOR QUALITATIVE 


JOHN A. BROWN 
Georgia Institute of Technology, Atlanta, Georgia 


Strontium Filter 
50 + 
+ 
+ + 
100 + + + + 
Barium Pilter 
E 
= 
\ Sf 
= 
100 - + + + 
Potassium Filter 
50 + 


length, — 


In the case of barium and strontium, the strength of 


the flame is not dependent upon the concentration of 
the metal ion, but is reasonably constant for any con- 
centration which is sufficient to yield a precipitate with 


Preparation of the Filters* 


Lacquer Base 
5-6 Sec. 30 gm. 

Barium Filter 
Lacquer base. . 45 ml 
Dye soln. (140, mg. ‘DuPont Luxol Green BL in 5 

Potassium Filter 

Strontium 
brilliant blue (DuPont).............. 70mg. 


@ Formulas courtesy of The Sunfilm Corp. 
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(NH,)2CO;, since the precipitate obtained is dissolved 
in the minimum amount of HCl, leading to a reasonably 
constant concentration in the flame solution. The so- 
dium and potassium flames do vary in strength with the 
concentration since no precipitate is ever obtained, and 
this variation may be used to estimate concentrations. 

Each student prepares his own set of filters by paint- 
ing inch-square spots of special lacquers onto glass 
plates and allowing them to dry. 

The lacquers themselves are prepared by coloring 
nitrocellulose solutions with appropriate textile dyes, as 
shown in the table. The nitrocellulose is rather slow 
to dissolve, and the mixture should be stirred in a closed 
vessel—or better, shaken—until the solution is com- 
pletely smooth. Then the dyes are added to portions 
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of the lacquer base and agitated until solution is com. 
plete. Since most organic dyes are somewhat fugitive 
to light, the finished lacquers should be stored in brown 
bottles and the finished filters kept in the dark when not 
in actual use. 

The figure shows the transmission spectra of typical 
lacquer films on glass. The exact transmission values 
will, of course, vary somewhat depending on the thick. 
ness of individual filters. The filters used to make these 
spectra were entirely satisfactory on actual flame tests, 
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e A CLOSET FOR MEASURING CONTINUOUS 


DRYING RATES 


Iris frequently a problem in the laboratory to devise 
means and procedures for illustrating a principle where 


Close-up of Balance and Air-ducts 


ERNEST E. HART and HOWARD L. DUNLAP 
Ohio University, Athens, Ohio 


the available time can yield worth-while data. Lab- 
oratory experiments in unit operations are especially 
difficult in this respect, and the drying rate of materials 
is typical of such an operation. The procedure 
should be of such a nature that not more than one 
period need be used to assemble the apparatus and 
carry out a practice run. Then the following period 
or periods can be utilized for securing data with little 
interruption. 

The following is a description of the arrangement of 
a Stroke drying closet, No. 51, which has worked quite 
satisfactorily. It was thought that the suggestion 
might prove useful to others. 

The closet has a regulated steam-heating unit and is 
equipped with an air-circulating fan. The amount of 
air recirculation can be regulated, and the inlet and 
outlet air ducts are each fitted with wet and dry bul 
thermometers. A rigid stand was mounted on top of 
the drying closet and on this stand was placed a beam 
pan-balance capable of carrying ten kilograms. The 
pan or tray for drying material was suspended from a 
beam centered on a pivot over one end of the beam of 
the weighing balance, leaving the other end of the bal- 
ance beam for the load weights. Over the center of 
the tray beam a smaller pan was mounted to receive 
weights for determining the evaporation loss during 
the time interval. As evaporation proceeds more 
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weights are required in this pan to balance the load 
weights in the other pan. The tray is connected by 
four rods from the two cross beams outside the drying 
closet. The four posts extending through the top of 
the drying closet were each made in two sections, joined 
by sockets and pins. This permitted the removal of 
the tray. Movable weights were placed on the rigid 
cross beams outside the drying closet; by moving these 
the four tray posts can be made to swing freely in the 
holes through the drying-closet top. 

All the materials used in the construction are alumi- 
num rods and bars; the bottom of the aluminum tray 
was reinforced by two aluminum bars to prevent 
sagging. The sensitivity in weighing ranged from 0.2 
g. for 1 kg. to 0.8 g. for 10 kg. 

The procedure consists of first adjusting the load so 
that the tray posts swing freely through the opening in 
the top of the closet. The air-circulating fan is started 
and the temperature is raised to the desired point and 
allowed to become constant. The fan is then stopped 
long enough to weigh the load and have it properly 
balanced. The circulating fan is again started and 
allowed to run for the desired time interval whereupon 
the fan is again stopped. Weights are added to the 
evaporation-loss pan to obtain the evaporation for the 
time interval. The drying closet is kept closed until 
the end of the experiment. 

The tables show a part of the experimental data from 
a 10-pound load of precipitated calcium carbonate on 
atray measuring 3 feet on a side, and spread to a depth 
of about */s of an inch. The steam pressure in the 
coils was kept at about 15 pounds. Table 1 illustrates 
drying at the constant-rate period. 


TABLE 1 
Constant Drying-Rate Period 

Temp. 

—Aur, ° F.— —Humidity— Time, Wt. of 

In Out In Out min. lost, g. closet 

1 Wet 58.4 64.0 0.0067 0.008 15 104 156 
Dry 76.0 85.1 

2 Wet 59.2 64.2 0.006 0.007 15 111 160 
Dry 76.0 86.1 

3 Wet 59.0 64.2 0.006 0.007 15 108 155 
Dry 76.0 87.1 

4 Wet 60.0 64.4 0.007 0.008 15 119 160 
Dry 77.0 87.0 


At the beginning of the next laboratory period, five 
days later, the tray had lost 555 g. when again brought 
up to drying conditions approximating the previous 


laboratory period, but it was still within the falling- 


rate period, as Table 2 shows. 
For the falling-rate periods, three 15-minute periods 
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TABLE 2 
Falling Drying-Rate Period 
Wt. Temp 
—Air, ° —Humidity— Time, lost, of 
In Out In Out min. g. closet 
1 Wet 64.1 68.2 0.009 0.011 45 84 157 
Dry 78.1 88.0 
2 Wet 65.1 69.5 0.009 0.011 45 56 160 
Dry 78.4 90.0 
3 Wet 65.5 69.1 0.010 0.011 45 42 161 
Dry ‘80.0 90.0 


are combined into the 45-minute period. When weight 
loss per time interval is plotted against the time of 
drying, an almost straight horizontal line is obtained. 
A consistent curve is obtained from the falling-rate data 
in Table 2. 
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For many years the course pattern in general chemis- 
try and in most other science courses involving 
laboratory at the University of Connecticut was two 
one-hour lecture periods and two two-hour laboratory 
periods per week for* four academic credits. The 
origin of this pattern is not clear, but it is evident that 
it was used early in the history of the school and that by 
1903 it had become well established (1,2). Anexamina- 
tion of subsequent catalogues showed that this pattern 
was strictly adhered to until the fall of 1946. A review 
of catalogues of other colleges indicated that the amount 
of time devoted to lecture and laboratory in general 
chemistry varied considerably. Furthermore, a search 
of the literature revealed that very few studies have 
been made concerning the effect of varying amounts of 
laboratory and class work on achievement in general 
chemistry (3, 4, 4). 

In view of the above, an investigation was begun in an 
attempt to determine the relative effectiveness of three 
different schedule patterns in the teaching of general 
chemistry at the University of Connecticut. The 
. patterns chosen were as follows: 


Pattern A. Two one-hour lecture periods per week 
and two two-hour laboratory periods per week. 

Pattern B. Three one-hour lecture periods per week 
and one three-hour laboratory period per week. 

Pattern C. Two one-hour lecture periods per week, 
one one-hour recitation period per week, and one three- 
hour laboratory period per week. 

Because of scheduling and staffing problems it was im- 
possible to teach groups under the three schedule pat- 
terns during one academic year. It was necessary to 
try one pattern each year, thus making the study ex- 
tend over a three-year period. At the end of each 
academic year, the students were given a standardized 
A. C. §. Cooperative Chemistry Test for College 
Students. A thorough description of the preparation 
and standardization of these tests is given by Ashford 
(6). Furthermore, the coefficient of correlation be- 
tween Form 1946 and the teacher-constructed mid-term 
examination used in the above classes was found to be 
0.71 (N = 121). This is additional evidence of the 
validity of the standardized examinations for the pur- 
poses for which they were used in this study. Each 
examination consisted of the following parts: General 
Knowledge and Information; Application of Principles; 
Quantitative Application of Principles; Scientific 
Method; and Laboratory Technique. While it is 
recognized that many outcomes of laboratory work 
cannot be measured by paper and pencil tests, the 


* THREE SCHEDULE PATTERNS IN FRESHMAN 
CHEMISTRY TEACHING 


DAVID J. BLICK 
University of Connecticut, Storrs, Connecticut 


laboratory section of the examination is considered by 
test experts and instructors to be defensible (7). 

The data used in this study are shown in Tables 1, 2 
and 3. The following additional information for each 
student was obtained: sex, scholastic aptitude tes 
score, and age. All students involved were pre-science 
and pre-engineering majors with comparable _back- 
grounds in secondary school science and mathematics, 


TABLE 1 
Results for the Three Patterns 
A B c 
N 95 148 161 
High 88 113 113 
A 64 69 75 
Median 46 54 60 
Qa 39 42 48 
Low 26 19 27 
Mean 50.83 56.25 61.93 
Standard Deviation 15.16 18.99 19.40 
TABLE 2 
Results on the Scientific Method Section of Test 
A B C 
N 95 148 161 
Mean 11.36 14.03 16.48 
S. D. 4.98 5.24 5.36 
TABLE 3 
Results on the Laboratory Technique Section of Test 
A B 
N 95 148 161 
Mean 3.87 3.40 3.24 
S. D. 1.54 1.93 2.17 


A preliminary analysis of the data indicated that 
significant differences existed between the three pat- 
terns. Since these differences might be due to variations 
in the three groups of students in age and scholastic 
aptitude, the following values were computed by use of 
the method of multiple regression in order to determine 
the relative importance of each factor (8). Age, 
scholastic aptitude score, and chemistry test score are 
represented by X, Z, and Y, respectively. 


= —0.472 = 0.185 
R (cale.) = 0.32 Ro.n = 0.21 


Since the calculated R is significant at the one-per cent 
level, the sum of squares due to regression is partitioned 
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into that due to age and that due to scholastic aptitude. 
An analysis of variance (Table 4) is used to test the 
significance of each factor. It is obvious from the 


TABLE 4 
Degrees 

Source of Sum of of Mean 
variation squares freedom square F Fo.01 
A 592 1 592 2.04 6.76 
Scholastic 

aptitude 6,726 1 6726 23.20 6.76 
Errors of 

estimate 63 ,874 218 290 
Total 71,192 220 


calculated F values that the regression due to scholastic 
aptitude is very significant while the regression due to 
age is not significant. Hence the predictor scholastic 
aptitude will be used in matching the groups by means 
of the Neyman-Johnson Technique (9, 10). This 
method of matching, using matched subgroups instead 
of individuals, has certain advantages over traditional 
methods. It is more likely to produce samples which 
are more representative of the original population, and 
it prevents loss of much valuable information. 

The results of the analysis of subgroups equated on 
the basis of scholastic aptitude are given in Table 5. 


TABLE 5 
Subgroup means of t Interpretation 
schedule patterns (calc.) ton = 2.58 
A versus B (B > A) 3.54 Diff. of means statistically 


significant in favor of B. 


B versus C (C > B) 2.30 Diff. of means not statistically 
significant. 
A versus C (C > A) 6.73 Diff. of means statistically 


significant in favor of C. 


The important findings are: (1) Student achieve- 
ment under Pattern B was greater than under Pattern 
A, as measured by the test used in this study. This 
finding is in accord with what might have been pre- 
dicted. The students under Pattern B had 30 hours 
more of lecture per year, and they were required to pre- 
pare for class three times a week instead of two. It 
would seem, therefore, that the instructor could cover 
the subject matter more slowly and thoroughly. It is 
reasonable to expect that their achievement would be 
higher. The data indicate that it was significantly 
higher. 

(2) Student achievement under Pattern C was higher 
than under Patterns A or B. However, the difference in 
achievement between Pattern: B and Pattern C is not 
statistically significant at the one-per cent level. 
difference in achievement between Pattern A and Pat- 
tern C is statistically significant in favor of Pattern C. 
It must be borne in mind that the success of Pattern C 


The 
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may be largely dependent upon the quality of graduate 
assistants available to conduct recitation sections. 

(3) Student achievement in thelaboratory asmeasured 
by the test used was slightly lower under Patterns B 
and C than under Pattern A. Student achievement in 
the laboratory as judged by the instructor and assist- 
ants in terms of written reports and of results on qualita- 
tive analysis unknowns was essentially the same under 
the three patterns. Since the students under Pattern B 
and Pattern C had one hour less of scheduled laboratory 
time per week, their achievement might be expected to 
be lower than was indicated by the data. However, 
the condensation of the two two-hour laboratory periods 
into one three-hour period did not mean that the 
student actually lost one hour of working time in the 
laboratory. The time spent in cleaning up at the end of 
the first period and in setting up the apparatus again 
the second period in the week as in Pattern A is elimi- 
nated in Patterns B and C. Theactual loss of working 
time was probably not more than 30 minutes. 

In interpreting the findings of a study of this type, 
there are several limitations which must be clearly 
recognized. In any study involving a large number of 
people over a period of three years, it is impossible to 
control many factors which might conceivably influence 
the findings. Also, this study involved only one univer- 
sity with the writer teaching the classes and graduate 
assistants conducting the laboratory and recitation 
sections involved. Therefore care must be exercised 
not to apply the findings to another population unless 
there is evidence to indicate that the populations may 
be considered similar. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


Tue administration of blood or plasma to a patient in 
shock is a complex problem. We are all familiar with 
the elaborate precautions taken in the preparation and 
handling of our food. Yet, compare this to the care 
necessary in preparing and handling a material which 
is to be injected directly into the blood stream of a 
patient. 


— 
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Egg Albumin insulin —_4-Loctoglobulin 
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Blood is collected for transfusion purposes by drawing 
it into a sterile bottle containing an anticoagulant so- 
lution. This mixture is then refrigerated and may be 


1 Presented before the Southern California Section of the 
Pacific Southwest Association of Chemistry Teachers on May 23, 
1952, at Pasadena City College, Pasadena, California. 

2OnciEy, J. L., “Symposium on Nutrition,’’ Charles C. 
Thomas, Springfield, Illinois, 1950, Vol. II, p. 3. 


PLASMA EXPANDERS' 


ROBERT T. MERRICK 
Don Baxter, Inc., Glendale, California 


stored up to 21 days. Laboratory tests classify blood 
into groups according to blood types and Rh factors, 
No two bloods are exactly alike, however, and reactions 
sometimes occur due to small differences between the 
blood of the donor and that of a recipient. Reactions 
may also be caused by typing errors or by contaminated 
blood. 

If the patient does not require the oxygen-carrying 
capacity of blood, a plasma transfusion may be pref- 
erable to a blood transfusion. Liquid plasma may be 
stored for two years. Irradiation of the plasma by ul- 
traviolet light appears to have reduced the incidence of 
homologous serum jaundice caused by plasma injections. 
Lyophilized or freeze-dried plasma may be stored for 
5 years, but the dry plasma and distilled water to re- 
constitute it before use require twice as much shipping 
and storage space as liquid plasma. All plasma trans- 
fusions are expensive and the supply of plasma is 
limited. 

In view of the possibilities of atomic warfare, Dr. 
DeGowin, an authority on blood and blood transfusions, 
has said :* 


From data accumulated at Nagasaki and Hiroshima it has been 
estimated that five million pints of blood would be required in 
three weeks to treat the casualties resulting from ten atomic 
bombs dropped simultaneously on as many cities in this country. 
This is approximately one-half the amount collected by the Red 
Cross in this country during the entire war. 


As you can see, we are in serious need of some substi- 
tute for blood or plasma. 

A true blood substitute, that is, an oxygen-carrying 
material, is probably many years in the future. The 
so-called plasma substitutes do not have all of the prop- 
erties of plasma, and for this reason they are frequently 
referred to as plasma volume expanders or plasma ex- 
panders. 

An effective plasma expander should resemble al- 
bumin (Figure 1), the material in plasma responsible 
for most of its osmotic effect. The ideal plasma sub- 
stitute should be: 


1. Equivalent in colloidal osmotic pressure to normal blood 
plasma. 

2. Stable during storage at all temperatures. 

3. Fluid in cold climates. 


3 DeGown, E. L., Surgery, 28, 121 (July, 1950). 
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4. Sterile. 

5. Nonpyrogenic (that is, free of fever-producing con- 
taminants of bacterial origin). 

6. Nonantigenic (that is, free of antibody-forming sub- 


stances). 
7. Constant and uniform in composition. 
8. Free of immediate or delayed reactions or damage to the 


recipient. 

9. Completely excreted from the body, after it has served its 
- Free of interference with blood typing or blood ad- 
ministration. 

11. Easily manufactured from plentiful and inexpensive raw 
material. 

Many materials have been used as plasma substitutes 
orexpanders. One of the first of these was a 2 per cent 
solution of gum acacia. This solution, widely used in 
1937 and 1938, fell into disuse when it was found to be 
stored in the various vital organs of the body. In re- 


cent years many other materials have been used. 
Pectin, a methoxylated galacturonic anhydride occur- 
ring Widely in plant tissues (Figure 2), is effective as a 


R 
x* ca-120-1000 
Figure 2. Pectin 


plasma expander. However, the solution is not stable 
at a pH above 4.2 and must be mixed with a buffer 
solution before use. Crystallized bovine albumin, 
polyglucose, animal plasma, and an okra extract also 
have been used. 

Recent work on plasma expanders has been concen- 
trated on dextran, polyvinylpyrrolidone, and gelatin 
solutions. Dextran is a carbohydrate material (Figure 
3) formed by the action of a bacterium, Leuconostoc 
mesenteroides, on sucrose. 
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Figure 3. Dextran 


Dextran has been approved by the National Re- 
search Council for use as a plasma expander. 
important problems remain in the control of molecular 
size, the tests necessary to produce a suitable product, 
and the reactions which occur in some patients. 

Polyvinylpyrrolidone (PVP or Periston), a synthetic 
material (Figure 4) prepared from acetylene, formalde- 
hyde, and ammonia, was developed during World War 
II as the result of extensive screening tests by the Ger- 
mans for an effective plasma expander. Since the 


However, . 


large molecular weight material remains in the body 
while the small molecular weight material is rapidly ex- 
creted, control of molecular size is important. PVP 
has been approved for stockpiling. 


a 


—X=157-720 
Figure 4. Polyvinylpyrrolidone 


Gelatin, a protein material obtained from bone or 
skin, was one of the first colloidal materials used as a 
plasma expander. It is a unique protein which does 
not cause antigenic or foreign protein reactions when 
injected in humans. Various molecular weight gelatins 
have been used as plasma expanders. One of these 
preparations now on the market bears the seal of ac- 
ceptance of the American Medical Association. This 
solution is prepared from a high molecular weight 
(undegraded) gelatin and is a gel at room temperature. 
Before use, it must be liquified by warming. Solutions 
of low molecular weight gelatin (degraded by heat) are 
liquid at room temperature, but are rapidly excreted 
by the patient and act as plasma expanders for only 
a short time. 

During World War II, a research group under Pro- 
fessors Linus Pauling and Dan H. Campbell, at the 
California Institute of Technology, succeeded in 
modifying gelatin so that a 5 per cent solution was liquid 
at room temperature.‘ 

In this process, gelatin is reacted with glyoxal, which 
couples the gelatin molecules together to form a poly- 


4 CamPBELL, D. H., J. B. Koreprur, L. Pavutinc, N. ABRAHAM- 
SEN, W. DanDLIKER, G. A. FEIGEN, F. LANN1, AND A. LE Rosen, 
Texas Repts. Biol. Med., 9, 235-80 (1951). 
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gelatin (PG of Figure 5).5 The polygelatin is then oxi- 
dized and degraded with hydrogen peroxide to form a 
material which they named “‘oxypolygelatin.”’ 


Property Gelatin Oxypolygelatin 
Osmotic pressure (cm. of 
water) at 37°C. 335-405 350-400 
Viscosity relative to water 
at 37°C. 5-7 2.1-2.2 
Gel point (°F.) Above 77° Below 50° 


Modification of gelatin in this manner lowers the vis- 
cosity and gel point of the solution as shown in the ta- 


5 CAMPBELL, D. H., J. P. Koepriut, anp L. Pavuinea, U. S. 
Patent No. 2,591,133. 
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ble. The osmotic pressure, on the other hand is no 
significantly changed. 

Extensive tests in mice, rabbits, dogs, and patients 
indicate that oxypolygelatin is effective and nontoxic. 
Elimination of the material from the body, as indicated 
by urinary excretion, follows much the same pattem 
as a gelatin solution. 

Much work has been done by both chemists and clini- 
cians in developing these various plasma expanders for 
insurance against the possible disaster of atomic war. 
fare. More harm than good can be done, however, if 
we fail to keep in mind that these substances are in no 
way replacements for whole blood. 


+ A SIMPLE LECTURE DEMONSTRATION OF PAPER PARTITION 


CHROMATOGRAPHY 


THis communication describes a demonstration of 
paper partition chromatography which gives readily 
interpretable results within the time covered by one 
lecture period, can be carried out with easily obt:inable 
materials and requires no special solvents, sprays, or 
developing agents. 

The materials required are a large test tube (20 X 
2.5 em.) fitted with a cork, strips of Whatman No. 1 
filter paper (17 X 1 cm.), denatured alcohol and a set of 
food colors which can be purchased in any grocery store. 
The experiments are carried out using the ascending 
method of paper chromatography. A few ml. of an 
alcohol-water solution is introduced into the test tube, 
the paper strip is suspended in the solvent by stapling 
it to the under side of the cork stopper and a spot of 
dye is applied to a point about 3 cm. from the bottom 
of the paper strip. The strip is suspended so that the 
spot of dye is about 1 cm. above the level of the solvent. 
A pin dipped into the dye solution and touched to the 
paper is the easiest method of applying the spot to the 
paper. A few staples introduced below the spot keep 
the paper strip taut. The solvent rises about 5 to 6 
em. during the course of a lecture period, this time being 
sufficient to give satisfactory results. 

The sets of food colors usually available contain vials 
of red, green, yellow, and blue coloring matter made up 
of U. S. certified colors in distilled water and alcohol. 
For our experiments water-alcohol mixtures of 1:1, 


1 Lederle Laboratories Division, American Cyanamid Com- 
pany, Pearl River, New York. 


EVELYN S. KRITCHEVSKY and DAVID 
KRITCHEVSKY' 


Upsala College, East Orange, New Jersey 


6:4, 7:3, 8:2, and 9:1 were used. As the water con- 
tent of the solvent is increased the colors migrate fur- 
ther along the strip. The three latter dilutions were 
found to give the best results. 

The following results were obtained: The green dye 
separated into a leading blue and a trailing yellow com- 
ponent; the blue dye into a leading blue zone and a 
trailing magenta one; and the red dye into a leading 
pink component and a trailing carmine one. The yel- 
low dye appeared to be homogeneous. The experiment 
is not quite ideal in that the colors tend to streak, but 
resolution is rapid and dramatic, especially in the case 
of the green dye, and the demonstration serves well to 
illustrate the principles of paper partition chromatog- 
raphy. Using the leading edge of each colored zone, it 
is possible to illustrate the calculation of Rf values 
and to show that the blue component of the blue and 
green dyes and the yellow of the green and yellow dyes 
are, apparently, identical. The Rf values obtained 
using water-alcohol 8:2 are given as an example: 


Dye Component Rf 
Yellow Yellow 0.32 
Green Yellow 0.32 

Blue 0.87 
Blue Blue 0.88 
Magenta 0.33 
Red Pink 0.53 
Carmine 0.22 


The colors available in two different commercial sets 
were tried, with similar results. 
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OFFICIAL BUSINESS 


269th MEETING 


The headquarters for the 269th meeting of the 
NEACT was the Mary C. Wheeler School in Provi- 
dence, Rhode Island. The school is about two blocks 
from the Brown University campus and the meeting 
was opened and the first lecture given in Wilson Hall at 
Brown. 

This first talk was given by Robert T. Beyer, Asso- 
ciate Professor of Physics, Brown University. Dr. 
Beyer discussed the chemical and physical aspects of 
ultrasonics. During his talk, he gave a number of 
demonstrations of ultrasonic principles using a shell of 
barium titanate as a transducer. 

The meeting then adjourned to the Wheeler School. 

Wendell T. Caraway, biochemist at the Rhode 
Island Hospital, was the second speaker. Dr. Caraway 
talked on the use of the flame spectrophotometer for 
the study of body chemistry, in particular the balance 
of sodium ions of the intercellular fluids and potassium 
ions of the intracellular substances. It was pointed out 
that the method is responsible for the saving of many 
lives because its rapid diagnosis allows treatment to be 
started before it is too late. 

After luncheon at the Wheeler School, Leallyn B. 
Clapp, Associate Professor of Chemistry, Brown Uni- 
versity, described the course offered at Brown to first- 
year students who plan to major in chemistry and who 
enter with high-school chemistry credit. Dr. Clapp 
described the course as a study of the covalent bond. 
Since the best examples of covalent bonding occur in 
organic compounds, the course is largely organic chem- 
istry. It differs from the usual course in organic, how- 
ever, in laying more stress on acid-base concepts, and 
on oxidation-reduction. Students who take this course 
have no more difficulty in subsequent courses than those 
who follow a more conventional curriculum. 

Business Meeting. President Dorothy W. Gifford 
conducted the business meeting. 


The following members who have joined since the . 


268th meeting were welcomed into the Association by 
the Secretary: 


Sabion W. Caputo, 26 Lyon Street, Dorchester 22, Massachu- 
Setts. 


Harry J. Christoffers, Department of Chemistry, University of 
Massachusetts, Amherst, Massachusetts. 

Jean V. Crawford, Chemistry Department, Wellesley College, 
Wellesley 81, Massachusetts. 


Raymond J. Farrell, East Senior High School, Pawtucket, Rhode 

Island. 

Clarke L. Gage, Department of Chemistry, St. Lawrence Uni- 
versity, Canton, New York. 
Lawrence Goldthwait, St. George’s School, Newport, Rhode 

Island. 

Rev. James W. Hackett, O.P., Providence College, Providence 8, 

Rhode Island. 

Enos E. Held, Head of Science, Swampscott High School, Swamp- 
scott, Massachusetts. 

M. Gertrude McKeon, Connecticut College, New London, Con- 
necticut. 

David Palmer Matthews, Bourne High School, Bourne, Massa- 
chusetts. 

Enice Marth Moore, Mount Holyoke College, South Hadley, 

Massachusetts. 

Gilbert E. Moos, Assistant Professor, St. Lawrence University, 

Canton, New York. 

Edward P. Parry, Department of Chemistry, University of Con- 
necticut, Storrs, Connecticut. 

Edward W. Savery, Glen Mills High School, Glen Mills, Pennsy]- 
vanis. 

Sixty-one members have joined since July 1, 1952, 
bringing the total membership to 545. 

The President reported that she had been invited to 
represent the NEACT at the meeting of the School and 
College Committee on Advanced Standing, at Wesleyan 
University in March. 


270th MEETING 


The 270th meeting of the New England Association 
of Chemistry Teachers was held on April 11, 1953, at 
the Teachers College of Connecticut, New Britain, 
Connecticut. About 50 members and guests were 
present. 

At the morning session, Walter G. Stewart, Chairman 
of the Western Division, introduced William C. Lee, 
Dean of the College and a former member of the 
NEACT, who welcomed the group and gave a brief 
account of the work and growth of the College, contrast- 
ing the present facilities with those available at the time 
of the last meeting of the Association at Teachers Col- 
lege. 

Dr. Hans O. Spauschus of the General Electric Com- 
pany, in his account of “Instrumental analysis in an 
industrial laboratory,”’ outlined the types of problems 
which are brought to the chemist in an industrial 
laboratory. He gave specific examples and suggested 
methods of solving them. 

This address was followed by a paper on “Chemicals 
by fermentation,” by Jay 8. Buckley of Chas. Pfizer 
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and Co., Inc. After defining fermentation as ‘any 
chemical reaction brought about by microorganisms,”’ 
Dr. Buckley stated that the chemicals to be discussed 
could be grouped into four categories: (1) those pro- 
duced by fermentation in competition with synthetic 
methods; (2) those which may be produced by fer- 
mentation, but may be more cheaply produced by syn- 
thesis; (3) chemicals whose synthetic production can- 
not be completed without the aid of microorganisms; 
(4) chemicals which can be produced only by fermenta- 
tion. The discussion of these four groups brought into 
clearer understanding many old friends like citric acid, 
ethyl alcohol, and acetic acid. It placed in better per- 
spective substances like penicillin and chloromycetin, 
cortisone and vitamin By, and it introduced as well 
some of the newest antibiotics. 

During the afternoon session, a color sound film on 
Krilium was presented. This film gave a good deal of 
information about the way in which this interesting new 
product works, and included as well some very beautiful 
time lapse photography of the blossoming of flowers. 
At the conclusion of the film Mr. W. P. Sheppard of 
Monsanto Chemical Company did a number of demon- 
strations which illustrated in a striking manner the 
action of Krilium on silty, clay soil. 

One of the most interesting features of the day was 
the inspection of the new Henry Barnard Hall for Arts 
and Sciences. This very beautiful building (not quite 
completed at the time of the meeting) has its entire 
second floor devoted toscience. Many teachers present 
looked with envy at the superb lighting, the adequate 
and convenient storage spaces, the smooth new table 
tops, and the generally handsome and efficient class- 
room equipment. This is a building of which any col- 
lege could be proud, and it should make the work of 
teaching far easier and happier and more efficient. 

Business Meeting. President Dorothy W. Gifford 
conducted the meeting. Six new members were wel- 
comed into the Association: 


Stanley C. Bunce, Assistant Professor of Organic Chemistry, 
Rensselaer Polytechnic Institute, Troy, New York. 

Roy Glick, Science Teacher, School of Industrial Art Annex, 
Bronx, New York City. 

Earl N. Johnston, Head of Science Department, Williston 
Academy, Easthampton, Massachusetts. 

Walter B. Keighton, Professor of Chemistry, Swarthmore Col- 
lege, Swarthmore, Pennsylvania. 

Paul Nickas, Chemistry Teacher, Gloucester High School, 
Gloucester, Massachusetts. 

John W. Sease, Associate Professor of Organic Chemistry, 
Wesleyan University, Middletown, Connecticut. 


SUMMER CONFERENCE 


The 15th Summer Conference will be held at Bowdoin 
College, Brunswick, Maine, August 24 to 29, 1953. 
President Dorothy Gifford has appointed the following 
to the conference committee and subcommittees. 


Co-Chairmen 
John E. Cavelti, Allegheny College, Meadville, Pennsylvania. 
Guy F. Burrill, Keene High School, Keene, New Hampshire. 
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Ex Officio Members 
Dorothy W. Gifford, Lincoln School, Providence, Rhod 
Island. 
Dorothy Abel, Brookline High School, Brookline, Massachy. 
setts. 
William F. Ehret, New York University, New York, Ney 
York. 
Marco H. Scheer, Nashua High School, Nashua, New Hamp. 
shire. 
Constance L. Brown, University of Vermont, Burlington, Ver. 
mont. 
Representatives of Host Institution, Bowdoin College, Brunswick, 
Maine. 
William C. Root 
Samuel E. Kamerling 
Registrar and Treasurer 
Katherine M. Murphy, Dorchester High School for Girls, 
Dorchester, Massachusetts. 
Secretary 
William O. Brooks, Technical High School, Springfield, Massa- 
chusetts. 
Publicity 
Eldin V. Lynn, Massachusetts College of Pharmacy, Boston, 
Massachusetts. 
Speaker Hospitality 
Leonard F. Foley, Manchester Central High School, Manches- 
ter, New Hampshire. 
Social Events 
Louise O. C. Swenson, English High School, Lynn, Massachu- 


setts. 

Ruth R. Jefferson, Branford High School, Branford, Connecti- 
cut. 

Angela M. Trovata, Robinson Seminary, Exeter, New Hamp- 
shire. 


Gerald A. Rose, Brunswick High School, Brunswick, Maine. 
Exhibits 

Paul F. Davis, Bellows Falls High School, Bellows Falls, Ver- 

mont. 

Walter W. Holt, Boston University, Boston, Massachusetts. 
Motion Pictures 

Carl F. Swinnerton, Pomfret School, Pomfret, Connecticut. 

Robert D. Eddy, Tufts College, Medford, Massachusetts. 


Mailing 
Robert F. O’Malley, Boston College, Chestnut Hill, Massa- 
chusetts. 
Nelson J. Anderson, Suffolk University, Boston, Massachu- 
setts. 


Registration Assistants 
Alice Howe, Concord High School, Concord, Vermont. 
Angelica Courniotes, Western Massachusetts School of Pharm- 
acy, Willimansett, Massachusetts. 
Helen A. Pratt, English High School, Lynn, Massachusetts. 
Activities 
Austin S. Kibbee, Jr., Jay High School, Jay, Maine. 


The technical program will include addresses by the 
following: 


William C. Root, Bowdoin College, “Chemistry in Inca arche- 
ology. 

Harry F. Lewis, Institute of Paper Chemistry, “Sources of cellu- 
lose.” 

William F. Kieffer, College of Wooster, “Chemical problems of 
nuclear reactions.” 

J. Frederic Hazel, University of Pennsylvania, “Solid phase re 

actions.” 

William Rieman, III, Rutgers University, “Application of ion- 
exchange to analytical chemistry.” 

Eugene Ayer, Gulf Research and Development Company, ‘Future 
sources of energy.” 

Edward L. Haenisch, Wabash College, ““The uses of various forms 
of the periodic table.” 
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Otto Eisenschiml, Scientific Compounding Company, “What the 
employer expects of a graduate chemist’ and “A chemical 
murder case.”’ 

Luke Steiner, Oberlin College, and others, discussion of the topic, 
“Admission to college with advance standing.”’ 

Louise Kelly, Goucher College, and others, discussion of the 
topic, “How to get students to take a more active part in 
courses in organic chemistry.” 

Harold E. Coburn, Bulkeley High School, Hartford, Connecticut, 
illustrated lecture on India. 


Members of the Association are anticipating the 15th 
Summer Conference with great interest. The selection 
of the 160-year-old Bowdoin College as the site is a 
happy choice. Bowdoin is a salt-water college, situated 
close to the rocky Maine coast in a fine vacation area. 
It has adequate living, dining, and recreational facilities 
to accommodate the conference and the fine new Parker 


To the Editor: 

BFor your amusement will you permit me to answer 
or rather suggest something to the problem of Dr. 
Julius Sumner Miller in Letters to the Editor, page 634, 
December, 1952, in this wise: Will not veterinarian 
syringes, bulb- or pump-pipets, or the 2-valve syringe 
used for blood transfusion using Tygon tubing, do? 


Mariano A. HENSON 


ANGELES, PAMPANGA 
PHILIPPINE ISLANDS 


To the Editor: 

I believe that the universities should devote specific 
attention to the graduate student, including the Ph.D. 
candidate, planning tentatively to teach college chemis- 


try; this training should supplement his present re- . 


search training. My suggestion is an extension of the 
graduate teaching assistantship program to stimulate 
this interest in a college chemistry teaching career. 

I would recognize the value of graduate assisting by 
granting one semester-hour credit for each semester an 
assistant taught. His grade for that hour would de- 


pend upon several pre-announced and extemporaneous 
observations of his teaching performance by his supe- 
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Cleaveland Laboratory in which to hold the meetings. 
Moreover, one of the Association’s own members has 
only this year been installed as Bowdoin’s president. 
In addition to the technical program, the committee 
has arranged an excellent series of social events, includ- 
ing a genuine Maine shore dinner served by a famous 
Maine caterer. NEACT summer conferences are 
unique in the large number of wives and families who 
register in company with their chemistry-teaching 
husbands, and for the far distances from which many 
of its guests are attracted. Many western colleagues 
combine a family vacation trip to New England with 
attendance at the conference. Anyone interested is in- 
vited to inquire of the conference secretary, William O. 
Brooks, 904 Stony Hill Road, R.F.D. No. 1, Wilbra- 
ham, Massachusetts. 


rior. In addition to the credit recognition I would make 
it mandatory that the students criticize the assistant’s 
instruction and that these appraisals be compiled each 
semester into one composite word picture of the assist- 
ant’s teaching capabilities. An additional word pic- 
ture would be written by the supervisor and then both 
read to the assistant and discussed with him, as a means 
of noting his progress in teaching chemistry. An at- 
tempt should be made to rotate assistants in the various 
fields of chemistry to give them an overall teaching 
background. 

I would initiate a graduate course in chemical educa- 
tion, consisting of ten two-hour periods, for one semes- 
ter, giving two hours credit. It would be given pref- 
erably by guest lecturers from the chemistry depart- 
ment on such topics as: the aims and objectives in col- 
lege education, special methods of teaching college 
chemistry, how to give lecture demonstrations, the use 
of audio-visual aids, standardized tests in college chemis- 
try, etc. Evaluation in the course could consist of a 
final examination on application of discussed material, 
and on assigned journal readings in chemical education. 
This course would provide a chemical education back- 
ground for those graduate students not on assistantship 
programs, but who still contemplate college teaching. 

Since the assistantship program is rapidly expanding 
and is considered an integral part of the program of 
many graduate students, college credit recognition 
should be given toit. Also, a course in chemical educa- 
tion should be added to the curriculum to provide a 
background of sound chemistry teaching principles, for 
the potential college chemistry teacher. 


2np Lr. Water Karz, USAF 


Army CHEMICAL CENTER 
MARYLAND 
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To the Editor: 


Two electronic relays as described by Duncan G. 
Foster [J. Coem. Epuc., 29, 49 (1952)] were recently 
constructed here. In each device the tube often failed 


NE SI 


TO HEATER 


R, | Re 
TO REG. 


LINE 


to ‘fire’ when the regulator circuit was opened. This 
difficulty is avoided by removing the 100,000-ohm 
resistor, R2, from its position in the original circuit and 
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placing it between the thyratron grid and ground, as 
shown. 

As thus modified, this relay appears to serve very well 
as a temperature control device. We have added an 
NE 51 neon bulb to indicate whether the heater is on, 


H. Braprorp THOMPSON 
MICHIGAN STATE COLLEGE 
East Lansine, MIcHIGAN 


To the Editor: 


An instructor observing a student pipetting out a 
solution of sodium arsenite, though previously advised 
that it was an unsafe procedure, corrected him with 
words that occurred at the moment: “Buret out, not 
pipet out poisonous solutions.” If “‘pipet out’’ has the 
same meaning as “measure out by a pipet’ and if usage 
can transform a noun into a verb, then “buret out” 
should be allowed to replace ‘measure out by a buret.” 


Arcot VISWANATHAN 
THE MINERVA TUTORIAL COLLEGE 
Eemore, Mapras, Soutu 


[Eprror’s QUERY: Should it?] 
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* ORGANIC CHEMISTRY 


Lucius Junius Desha, Professor of Chemistry, Washington & Lee 
University. Second edition. McGraw-Hill Book Co., Inc., New 
York, 1952. xvi + 595 pp. Illustrated. 16 X 23.5cm. $6.50. 


WRITING a textbook on organic chemistry is admittedly a very 
difficult task. In the preface to ‘the second edition Professor 
Desha says that the book is planned to be the basis for a year 
course and is ‘designed particularly for those students whose 
forma] training in the subject will probably end with such a 
course,”’ 

With the wealth of material available since the publication of 
the first edition in 1936, this solution to the problem of what to 
include in a beginning textbook is proposed: ‘‘to abandon any 
thought of being comprehensive; to reappraise the entire sub- 
ject matter, old and new, and select carefully the illustrative ma- 
terial to be used; and, having decided to mention a principle 
or a product, to treat it in enough detail to give it meaning. The 
basis of selection and the order of presentation must be, neces- 
sarily, somewhat arbitrary. That is part of the price to be paid 
for a text—a book which will give the beginning student a reason- 
able chance to avoid that sense of utter confusion which Wohler 


was experiencing in 1836 when he wrote, ‘Organic chemistry 
gives me the impression of a primeval, tropical forest. . .a mon- 
strous and boundless thicket, with no way of escape, into which 
one may well dread to enter.’ ”’ 

This reviewer has the feeling on looking over this text, that the 
student will still be confused, but that the nature of the forest 
has been changed. Emphasis is on mechanism of reaction, in- 
ductive effect, polarization, etc., at the expense of the behavior 
of organic compounds. Interrelationships of compounds are 
understood better by the average student from material presented 
in charts with references (first edition, page 144) rather than from 
a list of references to other paragraphs in other chapters (second 
edition, page 121). Most authors and teachers find it more ad- 
vantageous to consider the fats and fatty oils along with the fatty 
acids and other esters rather than as derivatives of polyfunctional 
alcohols, and to consider aromatic compounds after considerable 
foundation material of naming and behavior has been built up 
by the study of simpler compounds. 

The topics chosen for discussion are handled well but many 
teachers will disagree with the choice. Some inaccuracies have 


been overlooked; for example, on page 75 the statement is made 
that, ‘the structure which is common to all compounds classified 
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as aromatic is an unsaturated six-carbon ring...’’ Then on 


page 516 is found, ‘‘Aromatic properties are highly developed 
in pyridine. ..’’ On page 45 two aldehydes are named butyric 
aldehyde and propionic aldehyde and on page 175 the former is 
called butanal or n-butyraldehyde. 

The type, binding, and general appearance of the book are good 
and, for those who prefer to consider the aliphatic and aromatic 
compounds together, much new material is included on the se- 
lected topics. 


H. MARJORIE CRAWFORD 
Vassar COLLEGE 
PovuGHKEEPSIE, New YORK 


e A SHORT COURSE IN ORGANIC CHEMISTRY 


Harold Hart and Robert D. Schuetz, both of Michigan State 
College. Houghton Mifflin Co., Boston, 1953. ix + 326 pp. 
104 figs. 20 tables. 17 X 23.5cm. $4.50. 


Tuts book is designed for use in a short course for students in 
agriculture, home economics, pharmacy, and in premedical or 
predental programs. It is not offered as a text for chemistry 
majors. 

One must not be deceived by a first glance at this book. On 
quickly leafing through it, one’s eyes are caught by photographs 
of kittens playing with their reflections in a mirror, of a fashion 
model scintillating as she chats on the telephone, and of a news- 
stand with giant headlines screaming news of a sensational mur- 
der. One also sees “‘stick-and-ball”’ models of double and triple 
bonds surrounded by flashes of lightning. Such glamor sug- 
gests that the book is not so much talking chemistry as it is talk- 
ing about chemistry. This impression is wrong. Closer ex- 
amination reveals that it is a rigorous textbook within its stated 
scope. 

The authors have, as they should in writing such a book, omit- 
ted much material that is commonly taught in a full-year course. 
For the most part their choice of material is good. A student who 
had studied from this book, and who then decided to continue the 
study of organic chemistry, would not be seriously handicapped 
for lack of background. There is appropriate attention to ap- 
plications, necessary to maintain the interest of non-majors. The 
problems at the end of each chapter are excellent, calling for 
thought on the part of the student and not mere recantation of 
statements made on earlier pages. There is a profusion of good 
drawings of molecular models, very useful in teaching stereo- 
chemical relationships. 

Reaction mechanisms are strongly emphasized. For ex- 
ample, the chapter on olefins discusses, amongst other material, 
the lack of free rotation about a double bond, the mechanism of 
addition of bromine to olefins, the theoretical basis of Markow- 
nikoff’s rule in terms of the inductive effect of the methyl group 
and its influence on resonance in propylene, the mechanism of 
1,.!- and 1,4- addition to 1,3-dienes, and the mechanism of free- 
radical polymerization of olefins. In this reviewer’s opinion, 
this isan overemphasis. So much attention to reaction mecha- 
nism tends to confuse the average student who, in the second or 
third week of the course, is often grappling with problems of no- 
menclature, has difficulty distinguishing an addition reaction 
from a substitution or has not yet learned the importance of 
writing four and only four covalent bonds to each carbon atom. 

The style of writing is fast-moving and somewhat abrupt. Its 
terseness will reduce its value to students of moderate ability. 

A few topics are not given adequate attention. Kérner’s method 
for distinguishing ortho, meta, and para isomers, an eloquent 
exercise in scientific method, is not mentioned. Dye chemistry, 
an aspect of applied organic chemistry of great importance to the 
students for whom the book is intended, is inadequately treated. 
The tremendous consequences of stereochemical relationships in 
life processes are hardly mentioned. 


JOSEPH F. BUNNETT 


University oF NortH CAROLINA 
Cuapet Hitt, NortTH CAROLINA 
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€ PROBLEMS IN PHYSICAL CHEMISTRY 


Lars Gunnar Sillén, Professor of Inorganic Chemistry, Royal 
Institute of Technology, Stockholm, Sweden, Paul W. Lange, 
Head of Physical Chemistry Division, Swedish Forest Products 
Research Laboratory, Stockholm, Sweden, and Carl O. Gabriel- 
son, Head of Research Department for Organic Chemistry, Mo 
and Domsjé AB, Ornskoldsvik, Sweden. Prentice-Hall, Inc., 
New York, 1952. xi + 370 pp. IIlustrated. 15 X 22 cm. 
$5.50. 


Tuis is a book which will be of more than passing interest to 
teachers of physical chemistry. It is essentially a translation, 
made by the authors themselves, of the second Swedish edition 
published in 1951. In bringing out this American edition the 
authors-translators have taken pains to conform with the sym- 
bols and notation in general use on this side of the Atlantic in 
cases where differences exist. In their effort to do this they have 
succeeded extremely well. 

The arrangement and scope of subject matter are indicated by 
the 11 chapter headings, as follows: First Law of Thermody- 
namics, Second and Third Laws of Thermodynamics, Partial 
Quantities and Activities, Gas Equilibria, Solution Equilibria, 
Chemical Electromotive Forces, Solubility, Complex, and Redox 
Equilibria, Acid-base Equilibria, Transport of Electricity by 
Electrolytes, Rate of Reaction, and Phase Boundaries. 

The 900 or more problems in this collection have been gleaned 
from many sources. For the most part, they are not “‘ ‘desk’ 
problems in which the quantities asked for would never, in prac- 
tice, be determined as described,’’ but are based upon actual 
measurements as reported in the European and American jour- 
nals in research papers. The Journal of the American Chemical 
Society figures conspicuously as one of the most prolific sources. 

The problems are straightforward and clearly stated and are 
well arranged for purposes of instruction. Their usefulness is 
enhanced by brief introductions to the several chapters in which 
the background theory is summarized. These summaries are 


clear and concise and definitely helpful to the student. Answers 
are given in the back of the book. 
The form and typography of the book are neat. No typo- 


graphical errors were found, indicating exceptionally careful 
proofreading. 

In the opinion of the reviewer, this is a book which merits care- 
ful examination by teachers interested in physical chemistry. 


WILLIAM B. MELDRUM 
HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


° THE PHILOSOPHY OF SCIENCE 


Stephen Toulmin, Lecturer in the Philosophy of Science, Univer- 
sity of Oxford. Hutchinson's University Library, Hutchinson 
House, London, 1953 (available from Longmans, Green and Co., 
New York). viii + 176 pp. 12.5 X 19cm. Text, $1.80; trade, 
$2.25. 


Tuts book is primarily designed for university students in 
philosophy. Now philosophy has been described as ‘“‘an obsti- 
nate attempt to think clearly.’”’ This book uses mostly simple 
words, and simple mathematics, and simple scientific illustra- 
tions, but it splits hairs with considerable subtlety, and is at least 
as difficult to read as an introductory text in thermodynamics. 

Dr. Toulmin has much to say about the principle of recti- 
linear propagation of light, which is basic to the use of diagrams 
in considering optical situations, and therefore underlies the 
whole of geometrical optics. An important hair remains un- 
split here, for in the phrase “rectilinear propagation” the two 
words introduce quite independent ideas. If the velocity of 
light had been found to be infinite, so that there were no question 
of anything being ‘‘propagated,’’ we could still use rectilinear 
representations in our diagrams. One wonders, too, why Dr. 
Toulmin speaks of light as ‘‘a substance traveling,”’ when the 
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word ‘substance’ is applicable neither in its usual meaning in 
chemistry and other sciences nor in its strict philosophical mean- 
ing. 
Snell’s law (of refraction) is introduced as a Law of Nature, 
within the context of the rectilinear propagation of light, which 
is a Principle. Laws of nature require careful statements of the 
conditions under which they are applicable, such as in this case, 
“in the absence of temperature variations, and for most isotropic 
substances,” 

The “nature statements” of the physical scientist are con- 
trasted with the ‘‘habit statements’”’ of the natural historian, as, 
“ravens are black,’’ “mice are graminivorous.”’ The natural 
historian, Toulmin says, cannot modify his principles in the light 
of his discoveries, but the physical scientist can go back and re- 
classify, or formulate new principles, whenever any discovery 
makes this desirable. Notice the old-fashioned expression 
“natural historian.’’ ‘‘As soon as an observer suggests, e. ., 
how the colouring of some sub-species of rat may be explained in 
terms of its environment, he is promoted from ‘natural historian’ 
to the more respectable rank of ‘zoologist.’”’ It is strange that it 
is the physicist, not the natural historian, that makes nature 
statements. It would have been helpful if Toulmin had ex- 
plained what he understands by “‘nature.”’ 

One of the great problems of philosophy is the problem of 
universals, or-—Can we make a valid induction? Toulmin is of 
that school of philosophy that shies away from an induction as 
from a bogey man. Consequently he is at pains to remove phys- 
ical science as far as possible from ‘formal logic’? (by which he 
understands only a travesty of the subtle analysis of thought 
initiated by Aristotle) and leaves the syllogism to the despised 
natural historian. However, toward the end of the book when 
he is arguing with all his might against any principle of uniform- 
itv of nature, he suddenly introduces a formal syllogism: 
major, “cadmium vapour when excited must emit such-and- 
such radiation’; minor, “this lamp contains cadmium vapour’’; 
therefore, ete. 

In the opinion of this reviewer, this book, like many others on 
the same subject, is an application of tenth-rate philosophy to 
first-rate science. The book should interest all, and will prob- 
ably please many of those readers of Tuts JouRNAL who are 
genuinely interested in the fundamental philosophy of science. 


ANTHONY STANDEN 
Tue INTERSCIENCE ENCYCLOPEDIA 
Brookiyn, New YorK 


CYTOCHEMISTRY 


J. F. Danielli, Professor of Zoology, King’s College, London. 
John Wiley & Sons, Inc., New York, 1953. 139 pp. 8 figs. 10 
tables. 12 plates. 14.55 K 22cm. $4. 


CyYTOCHEMISTRY is a young science. As usual in such cases 
great hopes are attached to new developments which in the future 
may or may not be fully realized. Many not fully qualified 
workers are attracted whose uncritical work tends to retard or 
even discredit otherwise promising trends. In such instances a 
critical appraisal of the status of a science at a given moment is 
very desirable and certainly salutory. The present book, the 
outcome of a series of lectures at the University of Chicago, seems 
eminently suited to make the overenthusiastic anc. the uncritical 
worker ponder. It is written by an expert and is chiefly based 
on the work he himself and his collaborators have done mainly 
during the last decade. The author himself emphasizes that it 
is not intended as a textbook, for which he thinks the time has 
not vet arrived, 

The book is divided into seven chapters. The introductory 
chapter sets out some general principles and procedures while 
the next one deals specifically with fixation procedures. It is 
pointed out that for cytochemical work the freeze-drying method 
is generally best, and a new inexpensive type of apparatus serving 
this purpose is described. Chapter 3, dealing with alkaline phos- 
phatase, is quite extensive. It is characterized by the description 
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of a variety of control procedures destined to test for artifacts. 
The most essential conclusion is the theory that the phosphatase 
represents the enzymatic center of a contractile protein. Chap- 
ter 4 discusses the cytochemistry of aldehydes. The various 
methods useful for the determination of different types of alde- 
hydes are discussed, together with their rather numerous pit- 
falls. The following chapter is devoted to proteins and nucleie 
acids. While in many other phases of cytochemistry more or 
less modified staining procedures of the classical type are em- 
ployed, it appears that here the intrinsic absorption spectra, 
often modified by the use of chromogenic reagents, may become 
very useful. Chapter 6 deals exclusively with the possibilities 
of errors encountered in quantitative cytochemistry. The final 
brief chapter represents an outlook into the future. The author 
feels that cytochemistry will greatly refine the usual methods of 
biochemistry and will help to expand the field of comparative 
biochemistry. 

This book should be read by everyone working in the field or 
contemplating entering it; its truly scholarly and critical ap- 
proach should be extremely useful in the prevention of errors, 

Brief bibliographies are found at the end of the various chap- 
ters and the book has a subject index. 


THEODOR VON BRAND 
NATIONAL INstITUTES OF HEALTH 
Beruespa, MARYLAND 


« ANNUAL REVIEW OF NUCLEAR _ SCIENCE. 


VOLUME 2 


J. G. Beckerley, Editor; M. D. Kamen, D. F. Mastick, and L, 
I. Schiff, Associate Editors. Annual Reviews, Inc., Stanford. 
California, 1953. ix + 429pp. 16 X 23cm. IIlustrated. $6. 


IT sEEMs safe to predict that the review article will continue to 
increase in prominence as the volume of newly published research 
continues to outstrip our abilities to absorb it in its original form. 
The possibility, afforded by “Annual Reviews,’’ of maintaining 
contact with most aspects of a broad field on an almost current 
basis makes this publication one of the most useful in scientific 
literature. Those who are familiar with this annually issued 
volume already know that the articles are prepared by authorities 
upon invitation by an editorial board. 

Unfortunately, it is not possible to comment separately on the 
16 articles comprising the 1953 volume. The emphasis in the 
present volume is decidedly on the side of strictly nuclear phe- 
nomena rather than on applications of radioactive substances 
and chemical effects of radiation. Nevertheless, there are a few 
articles which deal substantially with such topics. 

Four articles in this volume deal with “creation’’ problems. 
The s,ecific subjects are concerned with: (1) stellar energy pro- 
duction (EK. E. Salpeter); (2) genesis of the elements (R. A. 
Alpher and R. C. Herman); (3) formation of natural radio- 
carbon (E. C. Anderson), and (4) origin of cosmic rays (L. Bier- 
mann). The nuclear processes giving rise to the several phe- 
nomena are of course different either in degree or kind. For 
those interested in these subjects, these articles alone make the 
volume well worth having. 

The studies of induced nuclear reactions are dealt) with in 
articles on: (1) recent progress in accelerators (I. L. Chu and 
L. I. Schiff); (2) photonuclear reactions (IKK. Strauch); (3) high 
energy fission (R. W. Spence and G. P. Ford), and (4) high energy 
spallation reactions (D. H. Templeton). 

The present status of nuclear forces as deduced from nucleon 
scattering is covered by G. Breit and R. L. Gluckstern while J. 5. 
Blair and G. F. Chew are the authors of a review of the year’s 
developments in the frenetic field of mesons and heavier sub- 
nuclear particles. 

Along with meson and kindred particle physics, one of the most 
active branches of nuclear science currently is that concerned 
with the identification of nuclear spectroscopic states and decay 
processes influenced by the nature of the states. An excellent 
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summary of the present status of theory and experiment on the B- 
decay process by E. J. Konopinski and L. M. Langer falls into 
this category as do articles on angular correlations of nuclear 
radiations by H. Frauenfelder and nuclear moments by B. T. 
Feld. 

The recent improvements in radiation measurement devices 
has resulted in a marked increase in our knowledge of decay 
energies. A timely correlation of these decay energies for the 6- 
decay process is presented by C. D. Coryell. 

Two articles in this volume deal with chemical effects of nuclear 
processes. One of these is a review by J. Bigeleisen on isotope 
(mass) effects on chemical reactions. The other, by G. J. Dienes, 
is concerned with radiation effects in solids. 

There can be no question that an annually issued book such as 
this fulfills a useful function. The research worker will find 
periodic critical reviews and bibliographies of all phases of nuclear 
work. Those with a more casual interest in nuclear phenomena 
will find it a relatively painless medium for learning the present 
status of specific topics and the teacher of nuclear physics or 
chemistry will find such a volume a great time-saver in bringing 
up to date his lecture notes. 


I. PERLMAN 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


HEAT TRANSFER FHENOMENA 


R. C. L. Bosworth. John Wiley & Sons, Inc., New York, 1952. 
xii+ 2ll pp. 41 figs. 13 tables. 14.5 22.5cm. $6. 


Dr. Boswortn’s book was developed from a general paper 
presented at the Heat Transfer Conference at Sydney, August, 
1948, sponsored by the Australian Branch of the Institute of 
Physics. As such the monograph is essentially a review of de- 
velopments up to that time in conduction of heat in gases, radi- 
ative transfer, conduction in solids and liquids, forced and natural 
convection, heat flow with simultaneous phase change, and the 
use of electrical and other model methods. 

The basic concepts of heat transfer are clearly and thoroughly 
presented. A particularly valuable aspect is the unified view- 
point attained throughout the book by considering heat flow as 
an example of a transport process. In this way the similarities 
between diffusion, fluid friction, electric current, and heat flow 
are continually brought forth. 

The book should be a valuable reference to research workers 
and advanced students in the field. It is not likely to be useful 
as a direct text in this country because of the lack of problems or 
illustrations. The emphasis is primarily on the theoretical as- 
pects of heat transfer. No experimental correlation of heat 
transfer coefficients or description of commercial equipment is 
found. Practical points such as the magnitude of fouling fac- 
tors, or scale resistance, are not considered in sufficient detail 
to be helpful to students interested in industrial heat transfer 
work, 


JOE M. SMITH 
Purpure University 
LAFAYETTE, INDIANA 


» THE MICROBIOLOGICAL ASSAY OF THE 
VITAMIN-B COMPLEX AND AMINO ACIDS 


E.C. Barton-Wright. Pitman Publishing Corp., New York, 1952. 
x +179 pp. 25 figs. 30 tables. 14 X 22cm. $4 


ANALYTICAL biochemistry receives a useful tool in this succinct 
yet comprehensive manual of assay techniques in microbiological 
chemistry. Beginning with a brief history of microbial require- 


ments for vitamins and growth-factor substances, the author 
outlines the principles of microbiological assay and presents sta- 
tistical procedures for computing and testing the validity of such 
determinations. 
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The major portion of the book is devoted to specific techniques 
for determination of the B vitamins and of amino acids. In 
each instance, consideration is given to the test organism of 
choice, the basal medium, and the assay procedure (which in- 
cludes preparation of the inoculum, preparation of samples for 
assay, and methods of calculation). Vitamins determined in- 
clude the following: riboflavin, nicotinic acid and nicotinamide, 
pantothenic acid, biotin, aneurin, folic acid, vitamin Bs-complex, 
inositol, choline, and p-aminobenzoic acid. The section on 
amino acids is devoted to assay procedures for the following com- 
pounds: leucine, isoleucine, and valine; lysine; phenylala- 
nine; histidine; serine, proline and glycine; arginine and thre- 
eonine; aspartic acid; a-alanine; methionine, cystine, and 
tyrosine; tryptophan; and glutamic acid. 

Author and subject indexes are attached. Usefulness of the 
manual is enhanced by inclusion of appended information en 
culture maintenance and preparation of stock solutions. The 
book is well documented, but literature citations do not include 
material more recent than 1950. 


WILLIAM D. ROSENFELD 
CALIFORNIA RESEARCH CORPORATION 
La Hapra, CALIFORNIA 


* THE ESSAYS OF JEAN REY 


A facsimile reprint of the original edition of 1630 with an intro- 
duction by Douglas McKie, Reader in the History of Science in 
the University of London. Longmans, Green and Co., New 
York, 1952. Ixxxiii + 144 pp. IIustrated. 13 X¥ 19cm. $5. 


“Tue Essays of Jean Rey, Doctor of Medicine,’”’ on the in- 
crease in weight of tin and Jead on calcination is known to most 
chemists as the first publication in which the conversion of the 
metals into the oxides is attributed to the action of the air. An 
excellent English translation of the preface by Rey and the 28 
short essays and conclusion has been available since 1904 as 
Alembic Reprint No. 11. But Alembic Reprint No. 11, valuable 
as it is for students interested in the history of chemistry and in 
seventeenth-century thought, does not include the dedication 
to the Prince of Sedan, An Ode on the Essays by Bereau, some 
verses on the work by Deschamps, and the letter of Pierre Brun. 
Master-Apothecary in Bergerac, which, according to Rey, was 
the occasion for the hours he spent on the experiments and those 
he spent on building up by reason his explanation of the results. 
The substance of the Essays can be had from Alembic Reprint 
No. 11, but the charm of the writing as it came from the pen of 
this early seventeenth-century physician, conversant with many 
aspects of the life and science of his time is lacking. Copies of 
the original are very rare, there being only seven extant, one of 
which is in the Smithsonian Institution, Washington. 

To add to the value of this facsimile edition, Dr. McKie has 
written a fine introduction which includes a life of Jean Rey and 
short summaries of the contents of the essays; and has added an 
appendix of six important letters: two of Mersenne to Rey, two 
of Rey to Mersenne, and two of Brun to Mersenne. In the letter, 
dated January 1, 1632, to Pere Marin Mersenne, “the Minorite 
father, already entertaining correspondence with the savants of 
Europe and shortly to embark on those weekly conférences 
where the latest. news from the scientific front was regularly con- 
sidered and discussed,” Rey describes the thermometer he has’ 
invented (the ancestor of our present-day thermometer) to use 
in his practice of medicine. Of it he writes: “it is merely a 
small round phial having a long and slender neck. For my use I 
put it in the sun and occasionally in the hand of one with fever, 
having filled it with water except for the neck, the heat dilating 
the water makes it rise: the more or less indicating to me great 
or little heat...” 

In the first 15 essays, Rey, according to his own statement, 
lays the foundation in reason for the explanation that is given 
in the most important essay, number 16: “this increase in weight 
comes from the air, which in the vessel has been rendered denser, 
heavier, and in some measure adhesive by the vehement and 
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long-continued heat of the furnace: which air mixes with the calx 
(frequent agitation aiding) and becomes attached to its most 
minute particles: not otherwise than water makes heavier sand 
which you throw into it and agitate, by moistening it and adher- 
ing to the smallest of its grains.’”’ There is no suggestion any- 
where in these essays, nor in any of the writing in the seventeenth 
century, on the calcination of metals as a combination of air with 
the metal. Rey emphasizes that the air has weight; heat from a 
furnace or from a burning glass can render air denser and thus 
add weight to the calx. 

Dr. McKie in the introduction gives three copies of Jean Rey’s 
rather unusual signature. The one plate is a copy of his inscrip- 
tion on matriculating in the University of Montpellier. 

The book is an attractive small volume bound in a wine-colored 
cover of cloth and paper. The printing is excellent. 


CLARA DE MILT 
NewcomsB TULANE UNIVERSITY 
New OrveaAns, LOUISIANA 


* WOOD CHEMISTRY. VOLUMES I AND II 


Edited by Louis E. Wise, The Institute of Paper Chemistry, 
Appleton, Wisconsin, and Edwin C. Jahn, State University of 
New York, College of Forestry, Syracuse. Second edition. Rein- 
hold Publishing Corp., New York, 1952. Vol. I: ixl + 688 pp. 
Vol. II: ix + 653 (691-1343) pp. Illustrated. 15.5 K 23.5 cm. 
$15 per volume. 


Tuis treatise ranges from the growth, anatomy, and physical 
properties of wood, the components and chemistry of the cell 
wall, and the extraneous components of wood in the first volume 
through the surface properties of wood, its chemical utilization, 
its biological decomposition, and its chemical analysis in Volume 
Il. In many ways it is an expansion of the familiar first edition 
which has been installed as the principal reference book on the 
subject these last eight years on the bookshelves of everyone in- 
terested in wood. 

The contributors, over a score of them, are a list of the experts 
on this subject, so important from its scientific aspects and so 
important from its industrial aspects. The science of wood chem- 
istry, its technology and applications, covers, by these interre- 
lations with almost every other field of human knowledge, much 
that is important to our life and civilization. Not everyone of 
these interrelations can be given in the detail which it might de- 
serve; but the selection of the editors and the contributors of 
these aspects to be included and the compression of them into 
a space of only a little over 1,390 pages is remarkable and agrees 
generally with this reviewer’s idea of relative importance.’ 

Many of the additions and modifications of the present volume 
have been due to the use throughout the world of the earlier pres- 
entations and the suggestions which have been received for ex- 
pansion. Furthermore, in these years since the first edition, 
there have been entirely new fields which required attention be- 
cause of these developments. 

The printing is excellent; the paper itself, as should be ex- 
pected in such a book of wood chemistry, is excellent; there are 
somewhat less than the expected number of illustrations owing to 
the fact that this is primarily a book on science rather than on the 
mechanics of wood technology; and there is an excellent sub- 
ject index of 32 pages, so necessary where so many aspects of a 
given subject must be considered. The dust jacket blurb— 


JOURNAL OF CHEMICAL EDUCATION 


never intended to put the worst foot forward—in this case may 
be taken at face value: ‘‘All workers and students in such fields 
as pulp and paper, rayon, cellulose films, lacquers and plastics, 
wood technology, botany and agricultural chemistry, will gain 
from this valuable monograph a solid foundation of basic wood 
chemistry and the penetrating insight into the application of 
this knowledge to modern industrial process.”’ 

The first book of this series was the ‘“Chemistry of Wood” by 
Hawley and Wise published in 1926 and containing 311 text 
pages; the second member of the series and the first with the 
present name, ‘‘Wood Chemistry,’”’ was by Wise alone in 1944 and 
contained 860 text pages. The present, 1952, volume contains 
1343 pages after an interim of eight years and now carries a second 
distinguished name, that of Dr. Jahn, on the masthead. One 
might try to extrapolate from this series of 311, 860, and 1343 
pages and find that future editions will carry many more pages 
on wood chemistry. Certainly the rate is accelerating and cer- 
tainly most of those which will be written in the future will be 
by men who will be using as their background the material con- 
tained in the present volumes. 


DONALD F. OTHMER 
PoLyTEcHNIC INSTITUTE 
Brookiyn, NEw YORK 


e ADHESIVES FOR WOOD 


R. A. G. Knight, Officer-in-Charge, Composite Wood Section, 
Forest Products Research Laboratory, Princes Resborough. 
Chemical Publishing Co., Inc., New York, 1952. xi + 242 pp. 
Illustrated. 14.5 X 22cm. $5. 


Tuts book is an American reprint of an earlier English book 
written principally from the standpoint of an engineer desirous of 
joining components mechanically. There has been an attempt 
made to cover practices in other countries besides England, 
particularly the various parts of the British Commonwealth; 
but some of the more recent American practices and develop- 
ments are not included. Although it deals specifically with 
fastening woody components, it can be considered as a ready ref- 
erence for most of the known adhesive types. 

Two general phases of the problem have been considered: 
first the choice of a suitable material for specified conditions of 
service and secondly, or inversely, the answer to the question as 
to whether this is the best possible performance in service of the 
chosen joint medium. After a brief introduction of the reader 
to adhesives, their theory and classification as natural and syn- 
thetic materials, the author discusses the various factors in gluing 
techniques and such controlling factors as pressure, moisture, 
cleanliness of surface, pH, temperature, permeability, ete. 
There is another section on the conditions under which adhesives 
are used including the moisture content relations of wood, be- 
havior of wood in sheltered environments, and behavior in ex- 
posed environments such as boats, aircraft, ete. A final major 
section of testing of adhesives is followed by a classification of 
glues and discussion of bonding of wood to other materials. 
There is a glossary of special terms and a comprehensive index. 

This will be a popular handbook for all interested in industrial 
applications in this field. 


LOUIS G. RICCIARDI 
PoLyTecunic INsTITUTE 
Brookiyn, New York 


rite 
ment 


INTI 
2! 


Pleas 


: 
brs 
is 
; 


new 
= INTERSCIENCE 


titl 
wood 

m of i e 
by 

te 

' Pi ANNUAL REPORT ON THE PROGRESS OF APPLIED CHEMISTRY 

— Published by the SOCIETY OF CHEMICAL INDUSTRY, England. 

cond Volume 37: 1952. 852 pages, $6.50. 

One 

1343 

ages SYNTHETIC METHODS OF ORGANIC CHEMISTRY 

bre By W. THEILHEIMER. 

con- Volume VII (in English): 464 pages $14.90 

ER AN INTRODUCTION TO DRYING OIL TECHNOLOGY 

By M. R. MILLS, Technical Director, Norman, Smee & Dodwell, Lid., England. 

1953. 258 pages, 38 illus. $6.50 
tion, CONDENSED PYRIDAZINE AND PYRAZINE RINGS (Cinnolines, 
Phthalazines, and Quinoxalines) 

By J. C. E. SIMPSON, late member of Scientific Staff, Medical Research Council, 
book England. 1953. 410 pages, 96 tables. $12.50. Special price to subscribers, $11.25. 
we (This is the fifth volume in the series, The Chemistry of Heterocyclic Compounds, 
and, A. Weissberger, Consulting Editor.) 
alth; 
elop- 
= MOLECULAR THEORY OF FLUIDS 

By H. S. GREEN, Institute of Mathematical Physics, University of Adelaide, S. 
— Australia. 1952. 6x9. 288 pages, 12 illus. $5.75 
Me (Deformation and Flow, Volume II) 

the 
ad 
_ MECHANICAL PROPERTIES OF WOOD AND PAPER 
ame Edited by R. MEREDITH, College of Technology, Manchester, England. 1953. 
ete, 6 x 9. 300 pages, 88 illus. $7.25 
re (Deformation and Flow, Volume III) 
, De 
ajor | 
n of | Interscience Publishers, Inc. 
‘als. | 250 Fifth Avenue, New York 1, N. Y. 
trial | Gentlemen: 
| Plows send me/us the following: 
DI ....copy(s) ANNUAL REPORT @$ 6.50 [J Check Enclosed 
| ----copy(s) THEILHEIMER, VII @ $14.90 
| ....copy(s) MILLS @$ 6.50 [1 Send Bill 
| ....copy(s) SIMPSON @ $12.50 
| ....copy(s) MEREDITH @$ 7.25 Send ‘‘On Approval’ 
.copy(s) GREEN @85.75 (For N-Y.C; delivery add 
..copy(s) 1953 Supplement listing 54 new 
Interscience titles 
ment listing 54 additional Interscience titles! | 
INTERSCIENCE PUBLISHERS, INC. |... 7 


Please mention CHEMICAL EDUCATION when writing to advertisers “ 19 


2 ad 


117-119 East 24th Street 


Amend can furnish your Orders 


ORGANIC and INORGANIC REAGENTS 
and ALLIED PRODUCTS. 


for efficient service—specify 


AMEND DRUG & CHEMICAL Co., INC. 


more complete 
with both 


New York 10, N. Y. 


ALCONOX is Used by Hundreds of Nation- 
ally Known Industries, Institutions and 
Hospitals to clean 


LABORATORY EQUIPMENT 


SURGICAL TESTING TUBES 
INSTRUMENTS NEEDLES 
SYRINGES 
ANESTHESIA 
HYPO NEEDLES 
RUBBER TUBING EQUIPMENT 
OPERATING KNIVES AMPULS 


FACE MASKS BED PANS—TILE 
FILTERS PAINTED WOODWORK 
FLASKS WINDOWS 

SLIDES 

COVER GLASSES 

PIPETTES KITCHEN EQUIPMENT 
GRADUATES IN THE LAUNDRY 


CREOSOTE & PETROLEUM FLASKS 
TELEVISION TUBES 


Reg U. S. Pat. Office 


315-319 SUPERIOR STREET 


POWERFUL WETTING AGENT 
AND DETERGENT 


LCONOX* is a powerful wetting agent detergent 

cleaner for hospitals, industries, institutions and 
homes. It is based upon an entirely new principle 
of detergent action. 


ALCONOX contains no soap, yet will produce abundant lather in 
water of any degree of hardness, without forming insoluble calcium 
film. It removes grease, fat, grit and blood easily; is non-poisonous, 
odorless and non-irritating to skin and tissues. 


PROPERTIES 
© Clear, odorless and stable in solution. 
e Breaks down foreign particles. 


e Prevents growth of solid matter and 
accumulation of particles. 


e Excellent in hot solutions. 


e Will penetrate irregular and in acces 
sible surfaces. 


e Detergent action more physical them 


@ Light, free flowing. 
e Alkaline, approximately 9.0 pH. 


e Dissolves completely in hot or cold 
water. 


e@ Breaks up larger particles of grit or dirt. 
e Emulsifies many oils and waxes. 
@ Foams abundantly and readily in hard 


water. chemical. 
CARTON of 12 boxes of 3 lb........... ea. 18.0 


THE RUPP and BOWMAN COMPANY 
SCIENTIFIC APPARATUS DEPARTMENT 


TOLEDO 3, OHIO 
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Kodak reports to laboratories on: 


a new cellulose acetate sheeting... identifying solids by refractive index... 
a reagent for the isolation of ketones ... super infrared sensitivity 


Cellulose acetate sheeting 


To the attention of those who quest 
for a flexible dielectric capable of 
maintaining its high transparency 
under prolonged chemical and ther- 
mal assault, we commend our new 
Kodapak IV Sheet. Its substance is 
cast cellulose triacetate, a most du- 
rable thermoplastic. It is diapha- 
nous stuff, of the proverbial crystal 
clarity, but we aiso make it in matte 
form. It is an excellent electrical in- 
sulator, has higher folding endur- 
ance and bursting strength than its 
predecessors (quantitative data on 
request). It is readily heat-embossed 
or drawn. It comes in thicknesses 
from .001” to .010”. The thick 
gauges come in 20” x 50” and 25” 
x 40” sheets, and those below .003” 
come in sheets of 25” x 40”, 30” x 


40”, and 40” x 40”. It is easy to seal 
by dielectric heating, but if you 
want to cement it without resorting 
to special cements, we suggest you 
first determine whether Kodapak I 
Sheet won’t serve your purpose 
better. 


Kodapak Sheet is supplied by us only 
in quantities of 200 pounds and over. If 
you need only a little, we can refer you 
to a local distributor. Write Eastman 
Kodak Company, Cellulose Products 
Sales Division, Rochester 4, N. Y. (The 
answer, like all correspondence from 
Kodak, will come in an envelope with a 
Kodapak window.) 


Refractive index liquids 

In this day of polarography, x-ray 
spectrography, infrared spectropho- 
tometry, mass spectrometry, nu- 
clear magnetic resonance, etc., it 
may be considered primitive (among 
the excessively sophisticated) to 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 
its divisions are... serving laboratories everywhere 


identify a solid compound by im- 
mersing it in a liquid of matching 
refractive index to make it disap- 
pear without dissolving. We think 
it is not primitive at all but even 
elegant, in the scientific sense. On 
page 214 of the current catalog of 
Eastman Organic Chemicals there 
appears a list of 39 organic liquids 
with their refractive indices, rang- 
ing from Methanol at nj = 1.3289 
+ .0005 to Diiodomethane at 1.7400. 
If you order them in lots of 10 or 
more, we can supply them in 25-cc 
glass-stoppered bottles. Since most 
of them are priced at 60¢ each in 
this size, you and we can, for as 
little as $6 plus postage, work out a 
deal on a set. 

If you don’t have a copy of “Eastman 
Organic Chemicals, List No. 38” from 
which to make your selection, write 
Eastman Organic Chemicals Depart- 
ment, Distillation Products Industries, 
Rochester 3, N. Y. (Divi- 
sion of Eastman Kodak Solsle 
Company). 


To capture ketones 


Let us say you wish to demonstrate 
the particular ketone setup whence 
arises the subtle flavor that makes 
caraway seeds taste so good in 
cookies or in fresh rye bread. p- 
Hydrazinobenzenesulfonic Acid has 
the useful property of forming eas- 
ily cleaved condensation products 
with ketones but does not react at 
all with aliphatic aldehydes. From 
the cleavage of the condensation 
products, yields of 70°% and better 
are reported. You cannot do this 
with aromatic aldehydes because 
they give only addition compounds 
that are not converted into true con- 
densation products by splitting off 
water. Thus you have a reagent for 
the separation of aliphatic and iso- 
cyclic ketones from caraway seed 
oil or whatever other essential oils 
interest you. 

For a procedural abstract on isolating 
ketones with p-Hydrazinobenzenesul- 
fonic Acid (Eastman 1129), or a copy 
of the catalog that lists more than 3500 
other Eastman Organic Chemicals, 
write Distillation Products Industries, 
Eastman Organic Chemi- 


cals Department, Roches- 
ter 3, N. Y. 
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Infrared sensitizer 


The granules in the vial above rep- 
resent a very significant advance in 
man’s kit of tools for examining the 
nature of the physical universe. It is 
a new Kodak sensitizing dye for 
infrared-sensitive plates. We have 
no need to exaggerate its impor- 
tance. For studies on, say, the main 
helium emission line at 1080 mu, it 
gives the 200-inch Hale Telescope 
on Palomar Mountain as much 
space-penetrating power as a fan- 
tastic 900-incher would have had a 
year ago. (Thermonuclear reactions 
involving helium are, for better or 
worse, very interesting these days.) 

We do not sell Kodak sensitizing 
dyes as such, but you get the new 
one now in Kodak Spectroscopic 
Plates and Films of Class Z sensiti- 
zation, wherein photographic sensi- 
tivity goes out to 1200 myu—farther 
than any other sensitizer commer- 
cially available. The spectral distri- 
bution of sensitivity remains the 
same as before, but it has been re- 
ported that where the previous Class 
Z sensitization required a 4-minute 
exposure, the new one requires only 
12 seconds. 

Kodak Spectroscopic Plates and Films 
of Class Z and other sensitizations—in 
many emulsion types and many sizes— 
are sold by the Kodak Industrial Dealer 
in your locality. It is advisable to get in 
touch with Eastman Kodak Company, 
Industrial Photographic Division, Roch- 
ester 4, N. Y., before placing an order. 


Prices quoted are subject to 
change without notice. 
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TION CHART 
FILTRA 


for use in 


TO ANALYTICAL CHEMISTS 


-{f you are an analytical chemist, 
this handy, desk-size S&S Filtra- 
tion Chart belongs in your 
laboratory. 


Analytical laboratories have long 
been familiar with standardized, 
high-quality S&S Analytical 
Filter Papers. 

Now, here is complete data on 
the relative retention values of 
S&S Analytical Filter Papers, and 
other brands, in convenient size 
for ready reference. This data 
makes it possible to tell at a 
glance which grade of paper to 
select for a given analysis. 

Send for your valuable, free S&S 
Filtration Chart. Act now! Use 
the handy coupon below! 


S&S ULTRA FILTERS 
S&S dual-purpose ultra filters — 
smooth-surfaced membranes pos- 
sessing extremely uniform micro- 
structure—are ideal for filtration of 
colloids, proteins, and micro-organ- 
isms, as well as dialysis and osmosis. 


Mail coupon below for your free 
S&S Ultra Filter Catalog. 


MAIL THIS COUPON TODAY 


1 SS) CARL SCHLEICHER & SCHUELL CO. 

Dept. J-7, KEENE, NEW HAMPSHIRE 
4 Send me your FREE 


S&S Filtration Chart 
t O S&S Ultra Filter Catalog 


Name. 


Company. 
Address 
City State. 
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Scanning, SPECTROPHOTOMETER 


TI 


CHANGES 
CHARTED 


The remarkable speed of this new patented AO Instrument has caught the 
imagination of scientists everywhere. It offers untold possibilities in monitor- 
ing flowing processes, following transient phenomena, comparing transparent 
liquids, gases, and solids. A reflection attachment produces curves from 
opaque materials. 


Tracing 60 separate curves per second on the face of a cathode ray tube, 
the AO Spectrophotometer fuses them into a “moving picture” of color 
changes over the entire visible spectrum from 400 to 700 millimicron wave 
length. A roomy sample chamber accommodates transparent samples up to 
100 mm thick. A reflection attachment will produce data from opaque 
surfaces as small as 1 inch square. Permanent records can be made with 
any of the standard 5” oscilloscope cameras. 


See the AO Rapid-Scanning Spectrophotometer at your earliest convenience. 
For further information, write Dept. U67. 


American Optical 


INSTRUMENT DIVISION 


OUFFALGO 15 NEW YORK 
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Warburg Manometer Apparatus 

Bronwill Scientific, Inc. announces the 
addition of four new models of Warburg 
Manometer Apparatus to its line of scien- 
tific instruments. 

These newly designed units incorporate 
many unique features providing a high 
degree of accuracy and reproducibility of 
experimental conditions. 

“Bronwill” rectangular models, US and 
USL, provide for temperature constancy 
of +0.005°C.; circular models, UV and 
UVL, for temperature constancy of 
+0.01°C. Models USL and UVL are 
equipped for photosynthetic quantum 
reactions with lights focusable on each 
individual reaction vessel. 

An entirely new Double-Capillary Ma- 
nometer is utilized. This improved design, 
combining two capillaries only 2 mm. 
apart in a single rod, permits easier and 
more accurate reading over a single scale 
without interrupting shaking. One type, 
the Duplex, provides for pressure recording 
ten times as sensitive and accurate as is 
obtainable with conventional U-shaped 
Warburg manometers. 

In order to facilitate special chemical 
and kinetic reactions which do not allow 
the removal of reaction vessels from the 
bath, a Magnetic Tilting Reaction Vessel 
has been developed. This new vessel 
allows several components to be put into 
reaction by manipulating magnets empty- 
ing contents of one or more cups while the 
vessel attached to the manometer is sub- 
merged in the bath. This avoids disturb- 
ing the temperature equilibrium thus re- 
ducing experimental error to a minimum. 

Detailed brochure is available from 
Bronwill Scientific, Inc., 40 Worth Street, 
New York 13, New York. 


Electronic Structure Chart 

We have received word that the chart 
of the Electronic Structure of the Atoms, 
which appeared on pages 576-7 of our 
December, 1944, issue, may be had from 
the author, Dr. Don DeVault, College of 
the Pacific, Stockton, California. 


Sublimation Apparatus 

A compact unit is now available for the 
identification and purification of materials 
by sublimation at temperatures from room 
to 300°C., integrally combining an elec- 
ttically controlled heater with a water- 
cooled condenser. The apparatus consists 
of an electrically heated cylindrical block 
e mounted in line on a common 
ffame with a water-cooled condenser. 
Two cartridge-type heaters are inserted 
into the metal block and supply heat at a 
tate determined by a variable transformer. 
furnace is insulated on all sides and 
Covered by an aluminum shell. Two types 
df sublimation tube, for semimicro and 

Micro samples, respectively, are offered. 


This apparatus may be obtained from 
E. H. Sargent & Co., 4647 Foster Ave., 
Chicago 30, Illinois. 


The World List 

Academic Press, Inc., has released in 
this country a revised and completely re- 
set third edition of “The World List of 
Scientific Periodicals.” 

More than 30 years ago the British 


Museum started to compile a list of all 
scientific periodicals together with inter- 
nationally agreed abbreviations of titles. 
The first two editions of “The World 
List” served to establish the volume as a 
standard work of reference and as an in- 
dispensable research tool for editors and 
librarians in all fields of science. 

The new edition lists more than 50,000 
volumes, representing an increase of 
nearly 40 per cent over the second edition, 
and includes titles of new journals pub- 
lished between 1930-50. The cloth bound 
volume is available at $37. 


Indicating Papers 


The Fisher Scientific Co., Pittsburgh, 
Pennsylvania, has produced a kit of six 
“short-range”’ indicating papers which di- 
vide the pH scale of 0 to 14 into distinctive 
colors for each half unit and permit estima- 
tions to one-fourth unit. It is recom- 


Please mention CHEMICAL EDUCATION when writing to advertisers 


23 


4 4 
—— — £ 
m ~ —— fa 
Je —- — 
4 THE PERFECT TUBING 
~ 
CLEAR INERT NON-AGING STERILIZABLE | 
= 


ERKIN-ELMER 
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STANT 


INSTRUMENT NEWS is an 8-page quarterly 


published in the interests of furthering re- i 
search, material analysis, and production 3 
through modern optical instrumentation. = 
Articles of technical and general interest are == 
prepared by leading workers in the field and 
the Perkin-Elmer staff. 


Some of the outstanding articles from the Spring ’53 
issue are: 
NEW CONTINUOUS MULTI-COMPONENT INFRARED 
STREAM ANALYZER FOR PILOT PLANTS 


Description of New Model 14 

INFRARED AND THE MEDICAL FIELD 

Article by Van Z. Williams 

USE OF KBr FOR INFRARED SOLIDS ANALYSIS 

Description of Revolutionary New Technique 
Among the subjects from the Winter ’53 issue are: 

CONTINUOUS PROCESS STREAM INFRARED ANALYZERS 

One step closer to the automatic plant 


NEW MODEL 13 RADIO-RECORDING INFRARED SPEC- 
TROPHOTOMETER 
Operates single or double beam 


3 ULTRAVIOLET AND NEAR INFRARED SPECTROPHO- 
TOMETRY 
Adopting the Perkin-Elmer Model 112 IR spectrom- 
eter 


You may receive INSTRUMENT NEWS regularly 
without charge by filling in the coupon®below. 


THE PERKIN-ELMER CORPORATION 

: | 865 MAIN AVENUE, NORWALK, CONN. 

Please send me INSTRUMENT NEWS 
; STATE...... 
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| 
Weighing 
| Funne/ 
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Are you receiving .. NYLAB 


| SCIENTIFIC INSTRUMENTS cove’ APPARATUS 


For SPEEDY, PRECISE WEIGHING .. . 
NO LOSS IN TRANSFERS— 
Place material to be weighed in covered-front 


and/or open-rear sections. Complete transfers 
easy—rinse material directly through funnel tip 


into receiver. Stable, flat base . . . lightweight. 
Catalog No. Diam (mm) | Length’(mm Price, dozen 
12803 15 40 | 9.06 
12804 25 | 65 | 10.50 
12805 38 100 | 13.50 © 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


Improved Titrator Stand 


For ACCURATE 
TITRATION ... 
ELECTROMETRIC or 
CALORIMETRIC 


Sturdy new support takes 
electrode holders provided 
with pH Meters . . . facili- 
tates removal or addition 
of beakers, Erlenmeyer 
flasks, etc. Silent, built-in, 
motor-driven stirrer per- 
mits use as electro-mag- 


netic stirrer when not Catalog No.| Price 
needed for titrations. 115 = 
Vole AC. 


Catalog No. 7 


For EASY 
ORDERING of 
all LABORATORY 
NEEDS— 


Comprehensive, easy-to-use. Latest instru- 
ments and apparatus. Handy cross-reference 
section. Over 3500 clear, factual illustrations 
. descriptive material. Items separately 
numbered. Printed on heavy stock, bound in 
durable Fabrikoid. 


TO GET YOUR COPY: Write today on company or 
institution letterhead giving name and title. 
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NYLAB COMPANY INT. 
76 Varick Street, New York 13, 

Telephone: CAnal 6-6504 
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LY, 1983 


mended that they be used with Fisher’s 
long-range Alkacid pH Tester, which indi- 
cates the approximate pH. A more exact 
value can then be obtained with the ap- 
propriate short-range paper. 

In classrooms, the kit makes possible a 
vivid visual demonstration of the phe- 
nomena of titrations and buffering actions. 


New Scintillant 

Arapahoe Chemicals, Inc., Boulder, 
Colorado, has announced the availability 
of 2,5-diphenyloxazole, in laboratory and 
pilot quantities, for use in liquid scintilla- 
tion counters. It has the advantage of far 
greater solubility at low temperatures than 
other scintillants formerly used. 


Recovery of Silver 

From one of our correspondents in the 
Philippine Islands, Moises 8S. Soriaga, 
comes the following suggestion of a 
method for the recovery of silver from 
silver precipitates. 

Treat the washed silver precipitates 
with a fairly concentrated solution of Na- 
OH and cane sugar. Heat gently with 
constant stirring. The precipitate pep- 
tizes, a silver mirror forms, and, finally, 
metallic silver (with some occluded silver 
salts) precipitates and settles at the bot- 
tom of the container. 

Decant the mother liquor and wash with 
acidified distilled water. Dissolve the 
precipitate by heating with the least 
amount of concentrated nitric acid.. If 
solid AgNO; is desired, filter through an 
asbestos filter, receive in a shallow dish, 
and store until dried in a dark closet. If 


a solution is desired, heat to decompose 
the excess acid, dilute to the desired con- 
centration (1 ml. of concentrated nitric 
acid used yields about 10 millimoles of 
silver nitrate) and filter. The precipitates 
may be combined with the next batch of 
silver residues to be treated. 

Silver nitrate recovered in this manner 
is of reagent grade for undergraduate work. 
Under certain circumstances this method 
may have some advantages over the usual 
fusion of silver chloride with sodium 
carbonate. 


New Literature 


@ The current issue of Laboratory Spot- 
light describes and illustrates a number of 
new products for the laboratory. Copies 
of this attractive booklet are available 
from Harshaw Scientific, Division of the 
Harshaw Chemical Co., 1945 E. 97th St., 
Cleveland 6, Ohio. 


@ A new folder titled ‘Norelco X-ray 
Diffraction School’ gives the history, the 
objectives, the subjects, the schedule, and 
the names of lecturers for the week-long 
free X-ray Diffraction School sponsored 
semiannually by the Research & Control 
Instruments Div., North American Phil- 
ips Co., Inc., 750 8. Fulton Ave., Mount 
Vernon, New York. 

The folder contains a franked mailing 
card for the convenience of scientists who 
wish to register tentatively for similar edu- 
cational forums which Philips will hold in 
the fall of 1953 and spring of 1954. 


@ An electronic repeat cycle timer suit- 
able for laboratory testing such as heat 


cycling and refluxing, is described in a 
leaflet available from G. C. Wilson & Co., 2 
N. Passaic Ave., Chatham, New Jersey. 
@ Bulletin No. 20, titled “ ‘Elphco’ elec- 
tronic Relay, Operating Procedure,” con- 
tains technical] information as well as the 
complete operating procedure for the new 
“Elphco”’ Electronic Relay. Requests for 
copies should be addressed to Electro- 
Physics Co., 287 Broadway, New York 7, 
New York. 

@ A new catalog of isotopes, both 
radioactive and stable, produced by Oak 
Ridge National Laboratory, Oak Ridge, 
Tennessee, is now available, according to 
an announcement by the Laboratory. 
The catalog replaces a previous edition 
published by the Atomic Energy Com- 
mission in March, 1951. 

More than 100 radioactive and 175 
stable isotopes are listed in the new cata- 
log, together with prices and descriptive 
material. Prices range from as low as 
$5.00 per curie for radioactive cobalt (in 
large quantities) to $5.00 a microcurie for 
radioactive chlorine. 

The catalog—at $1.00 per copy—or in- 
formation about ORNL-produced radio- 
isotopes, may be obtained by writing to 
Carbide and Carbon Chemicals Company, 
Oak Ridge National Laboratory, Radio- 
isotope Sales Department, Post Office Box 
P, Oak Ridge, Tennessee. Correspond- 
ence regarding stable isotopes should be 
directed to Carbide and Carbon Chemicals 
Company, Oak Ridge National Labora- 
tory, Stable Isotope Research and Produc- 
tion Division, Post Office Box P, Oak 
Ridge, Tennessee. 


Available in: 


Box of 3 Ibs. — Price $ 1.95 . 
Carton (12 x 3 Ibs.) ea. 18.00 tried. 
Bag of 50 Ibs.......... Ib. .40 
Drum of 100 Ibs... . . Ib. .40 

Barrel of 300 Ibs... Ib. .37 


(slightly higher on Pacific Coast) 


If your dealer cannot supply 
you, write for literature and 


CIENTISTS AND LABORATORY TECHNICIANS 


Insist Upon the 


WORLD FAMOUS DETERGENT 

No matter what you want to clean . . . blood, encrusted pipettes, 
metalware, porcelain ware, machine parts, instruments, . . . no mat- 
ter how dirty or greasy they may be... ALCONOX will make 
them sparkling clean, film-free, streakless. 

In hot or cold water, ALCONOX is equally effective. It actually 
lifts off dirt, grime and grease faster than anything you have ever 


SAVES ENERGY, SAVES TIME 


Just wash and rinse. Toweling practically unnecessary. Economical too—one spoon- 
full makes a gallon of active cleanser for less than 21/ cents per gallon. 
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MORE FOR YOUR MONEY ... 


vARIABte 


HALF -SHADOW 


THE FULL-Ci{RCLE 
POLARIMETER 
Made by 


Precision Instrument 
Makers since 1819 


Compare the extra advantages . . . variable 
penumbral angle .. . tripartite field of vision .. . 
direct readings to 0.05° (estimates to 0.01°)... 
precision construction. The finest instrument 
of its kind in this price range. 

Write for Bulletin KP-514 


KERN COMPANY 


5-7 Beekman St., New York 38, N. Y. 


BOWEN 
LABORATORY 
SPRAY 
DRYERS 


developed especial- 

ly for qualitative re- 

search and product 
evaluation. 


Furnished as a complete unit on 3’ x6’ table. Operating in more than 100 
colleges and industrial laboratories with highly satisfactory results since 1945. 
Stainless steel construction — simple to operate — easy to clean. Operating and 
technical data in illustrated bulletin sent on request. 


BOWEN ENGINEERING, 
NORTH BRANCH 11, NEW JERSEY 


INC. 


Use this handy subscription form} 
JOURNAL OF CHEMICAL EDUCATION 
| Easton, Pennsylvania } 
Please accept my subscription to the JOURNAL OF 
CHEMICAL EDUCATION ears. 
( _) Remittance of $...... inclosed. ) Please send } 
invoice. 4 

‘ One year $3.50 _ Two years $6.00 Three years $8.50 { 
‘ On Canadian subscriptions add 50¢ yearly; } 
> on Foreign add $1.00 ? 


Acenaphthylene; Acetobromoglucose; Acetonedicarboxylie Ac’ 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanyl lycine; Alkaloids; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; _|-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
benzoxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Cery! Alcohol; a-Chloralose; 8-Chloralose p-Chloroanilidophos. 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride, 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucie Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyeluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; Isoascorbic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyityrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytcsine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthy!l Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; ‘chingomyelin, Sphin- i 


gosine; Stilbamidine; Sulfaquinoxaline; Tantalum Chloride; o-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; §-Tocopherol; 
ti pherol; 8-T. herol Phosphate; +-Tocopherol Phosphate; 
tigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 


DELTA CHEMICAL WORKS. 


23 West 60th St. New York 23,N.Y.. 
‘Telephone Plaza 7-6317 


@ ACID WASHED 

@ INDIVIDUALLY TESTED 

@ Fired-in DISC WILL NOT CRACK 
ON IGNITION 

@ PRECISION CONTROLLED POROSITY 


Each crucible is individually tested 


for flow rate and pore diameter. 
Obtainable from your laboratory supply dealer 
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WRITE FOR 
BULLETIN 
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EQUIPMENT 


{| Demands... 


HOSPITAL AND 


ACME Accuracy 


Assured by Sensitive Controls 


@ AUTOCLAVES 


@ HUMIDITY CABINETS 
@ BATHS—WATER—OIL 


@ OVENS—GRAVITY—MECHANICAL 
STERILIZERS-HOT AIR 
@ INCUBATORS 
@ STERILIZERS—STEAM 
@ WATER HEATERS 
WRITE FOR COMPLETE CATALOG TOZDEPT. Y 
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ACME LABORATORY EQUIPMENT CO. 


New York 27, N. Y. 


506 West 124 St. 


Trode-mMork 


M. S. C. 
(Mass Spectrometer Checked) 


RARE GASES 
"HELIUM NEON « ARGON + KRYPTON - XENON 


Lince Rare Gases are mass spectrometer checked to 
assure you gases of known pevy and wolformly high 
quality. Available in’ commercia ers 
glass bulbs. 


Linde, the world's largest producers of gases derived 
from the atmosphere, can meet your individual needs 
of purity... volume... mixtures... containers... 


LINDE AIR PRODUCTS COMPANY 


& DIVISION OF 
UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street [TT New York 17, N.Y. 
in Canada: Dominion Oxygen Company, Limited, Toronto 


frm “Linke” repre Union Carbide carat 
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TRUBORE. STIRRERS 


For Vacuum or Low Pressure Work—Interchange- 
able Parts Various styles for unusual needs 


Trubore bearing and 
stirring rod precision 
ground thus guaran- 
teeing complete inter- 
changeability of all 
rods and bearings. 


Provided with bulb 
and tubulation for 
feeding inert gas 
around bearing to 
balance any pressure 
possibly being de- 
veloped in flask. Es- 
pecially useful around 
explosive materials. 


For Bulletin write DEP’T TS-C 


ACE GLASS INC. 


VINELAND # NEW JERSEY 
FOREMOST IN STANDARD AND SPECIALIZED 


GLASSWARE FOR RESEARCH AND INDUSTRY 
Barnstead 


STILLS 


For those who need 

the highest purity diss 
tilled water, free from 
all types of impurities, 
including organic and 
colloidal impurities, 
and bacteria, the Barn- 
stead Water Still is 
the sure, proven, dependable answer. 
Capacities 1 to 1000 gallons. Write 
for Catalog F. 


Barnstead DEMINERALIZERS 


The Barnstead Bantam Demineralizer is 
particularly convenient for laboratories 
that need only mineral-free water. Em- 
ploys renewable cartridge. No regenera- 
tion required. Capacity to 8 gallons 
per hour. Now used by hundreds 
of laboratories. 
Write for Bul- 
letin #124. 


65 Lanesville Terrace 
Forest Hills 
Boston 31, Mass. 


Warnstead 


STULL & STERIEIZER CO. 


ide; 
one 
de; 
iol; 
cid; ff 
ium 
mic | 
ine; 
on- | 
ine; | 
ph. 
de; 
de; f 
ne; 
etic | 
f | 
- 8242 8243 
f 
tlag 
| 
for the 
LABORATORY 
| 
ON 
tested 
ster. 
| 
| | 
| 
N 
| a 75 N 
| Years of Progress 
| NY) Pure Water 
| 
4 
27 


APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


Pentaerythritol Bromide $14.00/100 gm. 
o-Phthalaldehyde 15.00/10 gm. 
= Aldehyde 25.00/10 gm. 
trie ine © HCI 35.00/10 gm. 
“Trimethylether 16.00/100 gm. 
Cyclopentanone CP 48.00/8# 
REACTION PRODUCTS, INC. 
P. O. Box 528, Painesville, Ohio 


SIGMA 
IS AS NEAR TO YOU 
AS YOUR TELEPHONE 


Wherever you are in the United States, what- 
ever your problem or your requirements, just 
pick up your phone and call Mr. Dan Broida, 
EVergreen 3529, St. Louis, Mo., collect! 


Some of the many 
SIGMA STOCK PREPARATIONS 


Adenosine Diphosphate @ Estriol Glucuronide 
Adenosine Triphosphate @ Creatine Phosphate 
Adenosine-§-Phosphoric Acid @ Inosinic Acid 
Adenophos @ Triphosphopyridine Nucleotide 
Arachin @ Phenolphthalein Glucuronide 
Calcium Phosphate Gel @ Glucose-6-Phosphate 
p-Chloromercuribenzoic Acid @ Cozymase 
Cytosine @ Flavin Adenine Dinucleotide 
Cytochrome-C @ Pregnanediol Glucuronidate 
Dihydro Diphosphopyridine | Nucleotide 
Oxidase @ F 
Glucose-6-Phosphate Dehydrogenase 
b-Glucuronidase @ p-Nitropheny] Sulfate 
Inosine Triph cid 
Menthol Glucuronic Acid e 
Tris(Hydroxymethyl)Aminomethane 


WRITE DEPT C. 


UNKNOWNS 


For 


Qualitative Analysis Classes 


One hundred qualitatively different lots of 
metals and alloys and mixtures of metals and 
alloys. Ready for analysis. ao list on 
request. Just write for leaflet U-JCE. 
The complete set of one hundred samples, 8 
ml. volumes (weights vary according to struc- 
ture and composition but range up to 40 grams.) 
A Real Treasure Chest of Unknowns. 
All in one Compact Case.......... $37.50 
Cargille Unknowns have been used 
In many colleges since 1932. 
R. P. CARGILLE LABORATORIES, INC. 


New York 6, N. Y. 


117 Liberty Street 


No. 12-Y KNIGHT-WARE. 
Maurice A. Knight 


4] Made in one seam- 
) less, jointless piece 
of Knight-Ware acid 
proof stoneware. Each sink custom built to 
individual requirements. Write for Bulletin 


The World's 
Most Comprehensive 


SPRAY DRYING 
LABORATORY 


available for tests & product evaluation | 
FULLY DESCRIBED IN 20 PAGE 
BOOK...WRITE FOR COPY 


BOWEN ENGINEERING, INC. 


NORTH BRANCH, N. J 


Recognized Leader in Spray 
Dryer Engineering Since 1926 


POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 
CONTINUOUS FLOW 
SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 


Write for new list PT-14 


O.C.RUDOLPH& SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N..J. 


SIGMA | 


CHEMICAL COMPANY 
4648 EASTON AVENUE, ST. LOUIS 13, MO, U.S.A 


NOW OVER 5/00 
CHEMICALS 


@ 1,3-Dibromohydrin 

@ 2,6-Dibromopyridine 

@ Dibromosuccinic Acid 

@ Di-tert-butyl Ketone 

@ 1,5-Dichloroanthraquinone 
4,4’-Dichlorobiphenyl 

Di-(2-chloroethyl)-methyl- 
amine Hydrochloride 
5,7-Dichloro-8- 
hydroxyquinaldine 

5,7-Dichlor 
hydroxyquinoline 
2,6-Dichloropyridine 
6,7-Dichlororiboflavin 
(Anti-riboflavin) 
Didymium Chloride 
Didymium Nitrate 
Didymium Sulfate 
Diethylamine Salicylate 
Diethylaminoacetamide 
y-Diethylaminopropanol 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


Ine. 


17 West 60th St. New York 23, N.Y 
Plaza 7-8:71 


207 Kelly Ave. Dept. A Akron 9, O. 
Cacotheline 
b-Chloronaphthalene 


Phenazine-1-Carboxylic Acid 
Xenyl Stearic Acid 


EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


CHEMICALS 
RAR METALS 
MINERALS 
MANUFACTURERS OF RARE CHEMICALS 
Send for Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


Certified Buffer Solution 
for your pH Meter . . . at 
$1.88 per liter! 


Each Coleman Certified Buffer Tablet 
makes 100 m! of FRESH liquid buffer 
solution . . . for calibration of ANY 
pH meter! 

Tablets keep indefinitely. Order a 
few vials . . . any pH value from 2.00 
PH to 11.80 pH, in steps of 0.20 pH— 
specify Cat."No. JC-5. 

Per Vial of 12 tablets.......... $2.50 
Per Box 6 Vials (same pH)... . $13.50 


LABORATORY SUPPLIES AND CHEMICALS 


ILKENS- /ILKENS- ANDERSON 


GLASS BLOWING 
by Experts 
According to specifications for chemical, medical, 


Industrie! RESEARCH LABORATORIES. 


Please ask for our quotation 


LABORATORY GLASS SUPPLY CO. 
610 W. 150th St. New York 31,N. Y. 


YOU, TOO, CAN USE 

CHEM ED BUYERS' GUIDE 
Manufacturers, suppliers, and distributors of 
chemical laboratory equipment and material 
faced with the problem of promoting one or 
more products which do not lend themselves 
to inclusion in the company’s principal ad- 
vertisements, or which do not justify the use 
of more advertising space, find these small 
units offer just the right size and place for 
publicizing that extra or special item. Here 
is YOUR ideal oppoctunity to sell that 
ginal” or miscellaneous article or that new 
gadget! 


* INEXPENSIVE 
* EFFECTIVE 
* PROFITABLE 
That's what they say about 


17! 


Chem Ed Buyers’ Guide. 
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AICALS 
‘ICES 


Photometers 


WHATMAN 
HARDENED 
FILTER PAPERS 


in Spray 
ince 1926 


JBES 

or 

The great wet strength, resistance 
METRY | to alkalies and acids of WHATMAN 
Y | Hardened Filter Papers results from 


treatment of the cellulose with acid. 
As a result, there is nothing which 
might contaminate the filtrate to wash 
out of WHATMAN Hardened Filter 
Papers and they do not lose their wet 


acids. 


WHATMAN Hardened Filter 
Papers are available in three grades. 
No. 50 is close textured and retentive. 
No. 52 is medium rapid and of me- 
dium retentiveness, while No. 54 is 
very rapid filtering and therefore not 
retentive. 


No. 2070 
1, N.Y. Designed for the rapid and accurate determina- Your dealer has all three grades 
——— tion of thiamin, riboflavin, and other substances in stock or can get them for you 
which fluoresce in solution. The sensitivity tl 
and stability are such that it has been found Praayr- 
particularly useful in determining very small 
wutors of amounts of these substances. Remember WHATMAN Filter Papers and 


Cellulose Powders are standard for all 


types of chromatography and electrophoresis. 


= | 
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—KLETT SCIENTIFIC PRODUCTS————— 


| ELECTROPHORESIS APPARATUS e BIO COLORIMETERS | 
| GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- | 
| ETERS e GLASS STANDARDS e KLETT REAGENTS | 


H. REEVE ANGEL & CO., Inc. 


52 Duane St. New York 7, N. Y. 


> a> 


Kkle# Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y 
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Temperatures to 1950° F. 
Analyses 
with Fantastic 

Sensitivity 
without 
@ filtering 


The new design of these furnace; 
provides you with a complete ang 
— compact self-contained unit, The 
base contains a tap - changing 
transformer equipped with two sel. 
ector switches which offer % 
steps of temperature control, Larg. 
er size tube Furnaces are aygil. 
able. Write for Bulletin 552, 


she 

Ty 


\ 


washing 
e drying 
@ weighing 


Through exact measure 
of SUSPENDED 
by REFLECTED liz 


Photonephelometric Microdeter- 
mination of Sulpate and Organic 
Sulphur. Toennies and Bakay. 
Analytical Chemistry Vol. 25, No. 
1,1953. Permits determinations on 


samples containing 3 mcg. Sulphur 
— 1/100 the amount required for 
micro methods! 
FOR WACO NEPHELOS NOTES 
and Bibliography, Vol. AN4. It covers... 
Clarity of beverages...A.P.H.A. 
Liquid turbidity . . . bacterial 
growth measurement . . . choles- | 
terols...sulfates in Biologic fluids 
... glycogen... sterility and clar- 
ity of penicilin, streptomycin, vita- 
min solutions... calcium in urine, 
high pressure boiler water . . . but- 
terfat in cottage cheese . . . man- 5 
ganese in brines . .. many others. 
Type LJ 
123-T 
Each Section i 
Separately 
Controlled i 
This Organic Combustion Tube 
Furnace, made in three movable sec- 
tions, is a convenience for the modern ae | 
organic analysis laboratory. This furnace 
can act as one or as three separate units. The i 
use of tap-changing transformers allows closer 5 
temperature regulation and means savings in power rl 
and maintenance. The furnaces are hinged for easier op- | 
eration. Write for Bulletin 735R. 
Laboratory Supplies and Equipment HEVI DUTY ELE CTRIC COMPAN Y 
MILWAUKEE 1, WISCONSIN — 
Wi LKE N A ND ER 0 N Co Heat Treating Furnaces... Electric Exclusively 
4525 W. Division St.| nm, Chicago 51, Il. Dry Type Transformers Constant Current Regulators 
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MODEL PR-1 


International Refrigerated Centrifuge 


The New International Model PR-1 Portable Refriger- 
ated Centrifuge embodies the many time-proven fea- 
tures found in previous models and, in addition, in- 
corporates important engineering improvements. The 
result is superior performance in the laboratory with- 
out increase in cost. 


INTERNATIONAL 


A new type of temperature controller enables the user 
to pre-select the operating temperature within the Cen- 
trifuge chamber. Temperature is controlled within =-1° C. 
and indicated on a calibrated dial. 


An autotransformer speed controller is provided with alter- 
nating current models, eliminating heating associated with 
the rheostat type of controller, and providing uniform, 
stepless speed control throughout the entire range. 


A new hinged panel provides easy access to all instru- 
ments and electric controls, thus facilitating maintenance. 


A hermetically sealed unit is substituted for the open 
type compressor heretofore used. This eliminates trouble- 
some vibration caused by the action of the compressor 
and minimizes the possibility of gas leakage. 


Interchangeable accessories are available in wider variety, 
enhancing the usefulness of the Centrifuge. 


Send today for new descriptive Bulletin RC-1952 containing complete details and current prices. 


INTERNATIONAL EQUIPMENT COMPANY 
1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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Instructor or student, you'll find many uses for this 
convenient version of the popular Fisher Simplified 
Periodic Chart. Slip it in your notebook for ready 
reference during lecture preparation or study. Mount 
it on top of your desk where use of a wall chart 
is impractical. 


As with the larger Fisher charts, the notebook size 
includes basic information suggested by chemistry 
staffs of leading universities and colleges. It gives 
atomic numbers (printed in red) and the orbital 
electron distributions for the noble gas elements. 
Metals are separated from non-metals. Group “A” 


Fisher Wall Charts Also Available: 
Lecture-Size, 52” x 76", 2 colors, 
heavy varnished stock, wooden strips 
top and bottom, $9.75 each; Office- 
Size, 22Y%2" x 32”, metal strips top 
and bottom, hanging eyelets, $3.00 
each ($2.75 each in lots of 12). 


elements are separated from “B” elements. Lan- 
thanum and Actinium series, including elements 97 
and 98, are distinctly separated from all other elements. 


The reverse side of the chart carries an electro- 
motive force table of the elements, with respective 
ions; and a four-place logarithm table. 


Printed on sturdy 814” x 11” white stock, and 
punched for standard three-ring binder, Fisher Note- 
book-Size Periodic Charts are available for only $4.50 
per pack of 100. Order yours today! (A free sample is 
available to instructors.) Write to Dept. X. 


Complete stocks of laboratory instruments, apparatus, reagent chemicals, 
furniture, and supplies at PITTSBURGH, NEW YORK, ST. LOUIS, WASH- 
INGTON, MONTREAL and TORONTO. For more information write: 
Fisher Scientific Co., 717 Forbes St., Pittsburgh 19, Pennsylvania. 


FISHER ScieNTIFIC 


America's Largest Manufacturer-Distributor of Laboratory Appliances and Reagent Chemicals 
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